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In our laboratory, the effect of prolonged ethanol imbibition by
rats on their liver mitochondrial and lipid metabolism was investi¬
gated. L-Thyroxine was evaluated for its ability to correct any of
the metabolic abnormalities found. The data thus gathered would be
used to determine the need for and future directions of research
relevant to the putative therapeutic use of thyroxine in alcohol
related hepatic metabolic dysfunction. Our findings indicate that
alcohol imbibition results in a decreased mitochondrial respiration.
Respiratory rates in the absence of phosphate acceptor (state 4) were
significantly decreased for the ethanol-60 day (Et0H-60d) group when
either glutamate and malate was substrate. Only the state 4 rates,
when succinate was the substrate, were decreased for the ethanol-30d
(Et0H-30d) group. Phosphate acceptor supported respiration (state 3)
was significantly decreased for the Et0H-30d group for both subs-
strates. Treatment of the Et0H-30d with T^ for 3 days significantly
increased state 4 rates above control values when glutamate and malate
iii
were substrates but did not affect state 4 rates when succinate was
the substrate. T, returned or increased above control state 4 rates4
with glutamate and malate as substrates for the Et0H-60d group. (3
day) also normalized state 3 rates for the Et0H-30d group with the
glutamate and malate substrates.
Our data on liver lipid indicate that after ethanol consumption
for 30 days, there was a significant increase in hepatic content of
free fatty acids, triglycerides and phospholipids. Treatment of this
group with for 3 days resulted in a significant decrease in both
the free fatty acid and phospholipid levels. These levels were still,
however, above the control values. The liver triglycerides of the
Et0H-30d + T^-3d group levels decreased to the levels found in control
animals. Ethanol consumption for 60 days produced a significant
increase in the liver free fatty acid, and liver triglyceride content
when compared to controls. The phospholipid level was increased,
but was not significantly different from controls. After T, treatment4
of the Et0H-60d group, both the liver free fatty acid and phospholipid
content decreased significantly, but the triglyceride content was
unchanged. The mechanism for this finding is unclear. This is one of
the areas which lends itself to future research.
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Ethanol is absorbed mainly in the intestine and distributed in
all body fluids in proportion to the water content of the fluid.
Chronic alcoholism affects many physiological functions, anatomical
and morphological status, and the biochemical integrity of various
tissues. Both cardiac contractility and myocardial conduction are
diminished by alcohol (Ahmed et al., 1973; Segel et al., 1984).
Ethanol causes proliferation of the hepatic smooth endoplasmic
reticulum and increased activity of many microsomal enzymes (Iseri et
al., 1966; Rubin et al., 1968; Lieber and DeCarli, 1970; Lieber,
1984). Ethanol causes malabsorption of nutrients by the gastro¬
intestinal tract (Linscheer, 1970; Halsted, 1980; Lieber, 1980;
Morgan, 1982; Tipton et al., 1983; Burbige et al., 1984). Because of
poor eating habits, the chronic alcohol imbiber is affected by
malnutrition. Chronic alcohol imbibition causes the following hepatic
changes; decreased gluconeogenesis, CO2 and water (H2O) formation;
both acidosis and fatty infiltration of the liver are stimulated
(Lieber, 1980; Lieber, 1984).
Ethanol is metabolized mainly in two steps by the liver (Boeker,
1980; Lieber, 1984). The first step which is the oxidation to
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acetaldehyde is catalyzed by an NAD'^-dependent liver alcohol dehydro¬
genase. In this step hydrogen is transferred from the substrate to
the cofactor nicotinamide adenine dinucleotide (NAD"*") converting it to
its reduced form (NADH). According to the following equation:
H
+ I +
CH -CH -OH + NAD > CH C=0 + NADH + H
3 2 3
Ethanol Acetaldehyde
Theorell and Chance (1951) showed that the dissociation of the NADH
enzyme complex was the rate-limiting step in the above reaction. As a
result of the first step an excess of reducing equivalents as NADH is
generated in the cytosol. In order that NAD"^ requiring reactions in
the liver cytosol continue, NADH generated by ethanol oxidation must
be reoxidized. This reoxidation of cytosolic NADH requires the
transport of reducing equivalents into the mitochondria via substrate
shuttles and reoxidation of the reducing equivalents by the mitochon¬
drial respiratory chain. This can be coupled to oxidative phosphory¬
lation in intact mitochondria. Some of the hydrogens can also be
transferred to nicotinamide adenine dinucleotide phosphate reduced
form (NADPH) and utilized in cytosolic and microsomal reactions.
Included among these reactions are triglyceride (i.e., triacyl-
glycerol) and fatty acid synthesis which in excess can result in
abnormalities by accumulation in the liver.
Acetaldehyde produced in the first oxidation step of ethanol is
primarily oxidized to acetate by liver mitochondria. This second step
of ethanol oxidation, i.e., the conversion of acetaldehyde to acetate
3
is catalyzed by the NAC^-dependent aldehyde dehydrogenase. The acetate














CH -C-0 + ADP + CoASH CH -C-S-CoA + AMP + PPi
3 3
Acetate Acetyl-CoA
The reoxidation of the cofactor NADH to NAD"*" is dependent on
mitochondrial integrity which may be impaired by chronic alcohol
consumption. Investigators have reported that acetaldehyde affects
mitochondrial functions (Kiessling, 1963; Lindros, 1972; Yeh and
Byington, 1973). Byington and Yeh (1972) and Yeh and Byington (1973)
demonstrated that acetaldehyde inhibited NAD^-linked oxidation.
Cederbaum et al. (1974a) demonstrated that acetaldehyde at low
concentrations inhibited mitochondrial respiration with glutamate,
beta-hydroxybutyrate or alpha-ketoglutarate as substrates. Investi¬
gators have reported that acetaldehyde decreased mitochondrial
respiratory control as well as oxidative phosphorylation.
Cederbaum et al. (1974a) demonstrated that in liver preparations
acetaldehyde inhibits its own oxidation. In additional studies,
Cederbaum et al. (1974b) also found that high levels of acetaldehyde
resulting from chronic alcohol consumption increased the functional
disturbance of the mitochondria. This occurred because of a decrease
in the activity of the two shuttles involved in the transfer of
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reducing equivalents from liver cytosol to mitochondria and the
inhibition of oxidative phosphorylation. The capacity of liver
mitochondria to oxidize fatty acids is also decreased by acetaldehyde
(Cederbaum et al., 1975a; Cederbaum et al., 1975b).
In liver cytosol, dihydroxyacetone phosphate (DHAP) is reduced by
NADH to L-alpha-glycerol phosphate (L-ot-GP). This reaction is
catalyzed by the NAD'^’-dependent cytosolic alpha-glycerol phosphate
dehydrogenase (LC-GPDH). L-alpha-glycerol phosphate serves as a
precursor of triglycerides and phospholipids. In excess ethanol
metabolism the oxidation of ethanol and acetaldehyde results in a
significant elevation of the cytosolic NADH/NAD'*’ratio. This results
in a decreased oxidation of glyceraldehyde-3-phoshate and elevation of
glycerol-3-phosphate concentration. This accumulation of L-alpha-
glycerol phosphate may in turn enhance liver triglyceride accumulation
(Lieber 1980; Khanna and Israel, 1980). The decreased availability of
NAD'*'may result in decreased oxidation of fatty acids and thus their
accumulation. It is also true that the biosynthesis of fatty acids
can be and is increased due to increased levels of acetate derived
from the oxidation of ethanol.
It has been shown that chronic ethanol consumption causes
enlargement, bizarre shapes, and disoriented cristae of rat hepatic
mitochondria (Israel et al., 1966; Rubin et al., 1970; Thayer and
Rubin, 1981). In studies of chronic ethanol consumption conducted by
Videla et al. (1973) and Bernstein et al. (1973), a decrease in
oxidative phosphorylation was observed. Lower rates of ATP synthesis
and decreased respiratory activities with several substrates were also
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observed in mitochondria isolated from ethanol treated-rats (Cederbaura
et al., 1974a; Bernstein and Penniall, 1978; Spach et al., 1979; Koch
et al., 1979), Chronic ethanol consumption is known to decrease the
amounts of the following: reducible substrates; cytochromes aa^ and b
(Thayer and Rubin, 1981); and the content of certain iron-sulfur
clusters of the electron transport chain (Thayer et al., 1980; Rubin
and Rottenberg, 1982). Other investigators observed increased rates
of oxygen consumption, more avid binding of thyroxine and higher
levels of mitochondrial alpha-glycerophosphate dehydrogenase (LM-GPDH)
in liver slices from ethanol treated animals (Israel et al., 1973;
Videla et al., 1973; Israel et al., 1975). Mitochondrial, glutamate
dehydrogenase activity has been found to be inhibited by excess
intramitochondrial NADH. The depressed conversion of alpha-
ketoglutarate to succinate and of malate to acetate, supports the idea
that metabolism of alcohol could lead to alterations in oxidation-
reduction reactions within mitochondria (Lieber, 1984).
In liver, the transport into mitochondria of cytosolic reducing
equivalents from NADH generated from cytosolic oxidation of ethanol
and glyceraldehyde-3-ph6sphate occurs via the alpha-glycerol phosphate
shuttle. Normally this shuttle which operates aerobically at a low
level is required for the continuance of glucose oxidation to pyruvate
via the Embden Myerhof (EM) pathway and the maintenance of low lactate
production. Because the mitochondrial membrane is Impermeable to NADH
(Grunnett, 1973) this system serves to regenerate cytosolic NAD'^ The
alpha-glycerol phosphate shuttle is nonreversible, i.e., it is
unidirectional (Fig. 1) (Klingenberg and Bucher, 1961). In this
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shuttling process the cytosolic alpha-glycerol phosphate dehydrogenase
catalyzes the reduction of dihydroxyacetone phosphate to L-alpha-
glycerol phosphate. The L-alpha-glycerol phosphate diffuses through
the outer mitochondrial membrane and is oxidized by the FAD’^-linked
mitochondrial alpha-glycerol phosphate dehydrogenase which is
localized on the outer surface of the inner mitochondrial membrane.
FAD"*" is thereby reduced to FADH^. As shown (Fig. 1) the mitochondrial
alpha-glycerol phosphate dehydrogenase is a membrane bound FAD"*"
protein which transfers electrons to coenzyme Q, via an iron sulfur
center and an electron transport flavoprotein. The activity of the
alpha-glycerol phosphate shuttle is positively affected by thyroid
hormone administration.
The thyroid hormones, triiodothyronine (T_) and L-thyroxine (T )
J 4
are degraded in the liver (Wilson and McMurray, 1981). These hormones
affect the overall growth and development of higher organisms as well
as the activities of enzymes of their various tissues (Goodbridge and
Adelman, 1976; Oppenheimer et al., 1977; Weinberg and liter, 1979). T^
is considered to be a prohormone which is converted to T to exert its
optimal hormonal effects (Yoshimasa and Hamada, 1983). Although the
biochemical role of T^ in thyroid-hormone action is still unsettled
(Yoshimasa and Hamada, 1983), T^ is 5 to 10 times more active than
although the latter hormone is produced in larger quantities by and
released from the thyroid gland in response to thyroid-stimulating
hormones.
Among the enzymes whose concentrations are increased in response
to thyroid hormone is the mitochondrial alpha-glycerol phosphate
Figure 1, The alpha-glycerol phosphate shuttle.
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NADH + H + FAD —> NAD + FADH
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dehydrogenase. In 1924, Rohrer discovered that hyperthyroid animals
have an enhanced metabolic rate reflected in an increased rate of
oxygen consumption (Schaffer et al., 1981). Other investigators have
demonstrated that hyperthyroidism increased the activity of cytochrome
oxidase (Tipton, 1950; Maley, 1957), the rate of oxidation of several
substrates by mitochondria (Maley and Lardy, 1955; Maley, 1957), and
of NADPH2-cytochrome c reductase (Phillips and Langdon, 1956). It has
also been reported that alpha-glycerol phosphate was oxidized by
mitochondria from thyroid-fed rats at a rate of 3 to 5 times greater
than mitochondria from untreated rats (Lee et al., 1959). Studies
have shown that a single dose of caused an increase in the liver
mitochondrial alpha-glycerol phosphate dehydrogenase activity of
thyroidectomized rats (Lee et al., 1966). Administration of thyroid
hormones can induce an increase in the components of. the mitochondrial
respiratory chain, and of the mitochondrial cristae (Drabkin, 1950;
Tata et al., 1963; Lee and Lardy, 1965; Roodyn, 1965; Kadenbach, 1966;
Booth and Holloszy, 1975). A decrease in phosphorylation potential
has been reported (Hassinen et al., 1971) after thyroid hormone
administration. Oxidation of glycerol-3-phosphate by the perfused
livers of hypothyroid, normal, and hyperthyroid rats (Carnicero et
al., 1972) was studied and found to be greatest in the hyperthyroid
animals. Oxidative phosphorylation and respiration in brain
mitochondria from hyperthyroid neonatal rats were shown to be
developmentally more advanced than that of normal rats (Holtzman and
Moore, 1975).
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Israel et al. (1973) investigated the metabolic alterations
produced by chronic ethanol administration and compared the effects
produced by ethanol and by thyroid hormones. From their studies they
reported administration caused an increased rate of oxygen
consumption, increased adenosine triphosphatase (ATPase) activity, and
both and ethanol treatment Increased the mitochondrial alpha-
glycerol phosphate dehydrogenase activity. Other studies of ethanol
metabolism have demonstrated increased rates of oxygen consumption,
increased ATPase activity (Israel et al., 1973), and increased liver
mitochondrial alpha-glycerol phosphate dehydrogenase activity
(Kiessling, 1968; Marciniak et al., 1968; Sardesai and Walt, 1969;
Rawat and Kuriyama, 1972). In contrast, other investigators did not
observe an increase in oxygen uptake by liver mitochondria from rats
on a chronic ethanol diet. They did report, however, an increased
rate of O2 consumption in response to T^. Therefore, the objective of
this research is to evaluate the effect of T^ treatment on the fatty
infiltration of the liver of rats maintained on both normal and
alcohol supplemented diets in order to determine the need for and
direction of research relevant to the therapeutic value of thyroxine
in the abnormal liver metabolism associated with excess alcohol
imbibition. The metabolism of alcohol results in a putative depletion
of cytosolic NAD"^ via the cytosolic alcohol dehydrogenase which
results in the formation of NADH and acetaldehyde. The rates of
reoxidation of cytosolic NADH is a function of the glycerol phosphate
shuttle or the malate-asparate shuttle. The glycerol phosphate
shuttle predominates in liver, and since the mitochondrial alpha-
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glycerol phosphate dehydrogenase component of this shuttle is
positively affected by and T^, its level in isolated mitochondria
will be monitored to determine the effectiveness of thyroxine in
excessive alcohol intake. A correlation will be sought between the
lipid content of the liver, the alcohol intake, and the activity of
the alpha-glycerol phosphate shuttle in response to alcohol, to




Ethanol is a drug of abuse, a toxicant and an intoxicant
(Herbert and Colman, 1980) and a nutrient (Khanna and Israel, 1980).
Khanna and Israel (1980) reported that ethanol is metabolized via the
following steps: (1) the conversion of ethanol to acetaldehyde; (2)
the transformation of acetaldehyde to acetate; and (3) the oxidation
of acetate to CO2 and water. Lieber (1984) reported that ethanol can
be metabolized by three pathways within different hepatocyte subcel-
lular compartments. The alcohol dehydrogenase pathway of the cytosol
is the major pathway. The second pathway is the microsomal ethanol-
oxidizing system (MEOS) located in the smooth endoplasmic reticulum.
The MEOS in the presence of NADPH and oxygen oxidizes ethanol and
accounts only for 7% to 10% of the rate of ethanol oxidation in
vivo (Khanna and Israel, 1980). Catalase located in the peroxisomes
(Lieber, 1984) is the third pathway and it oxidizes ethanol to acetal¬
dehyde in the presence of hydrogen peroxide.
Alcohol has been shown by several investigators (Iseri et al.,
1966; Lane and Lieber, 1966; Lieber and Rubin, 1968; Rubin et al.,
1972) to cause swelling and abnormal cristae in liver mitochondria.
It has been reported that these changes in mitochondrial structure
11
12
are accompanied by decreased substrate oxidation (Cederbaum et al.,
1974; Thayer and Rubin, 1979), decreased ATPase activity (Rottenberg
et al., 1980; Thayer and Rubin, 1981) and a decreased content of
certain iron sulfur clusters of the electron transport chain (Thayer
et al., 1980). It has also been reported that ethanol consumption
affects the phospholipid composition of liver mitochondria (Cunningham
et al., 1982). Phospholipids are required for the proper functioning
of the mitochondrial inner membrane associated oxidative phospho¬
rylation system (Cunningham et al., 1982). Rubin and Rottenberg
(1982) reported that acute ethanol intoxication increased the fluidity
of all biological membranes. On the other hand chronic intoxication
increases membrane rigidity which impairs a variety of membrane-bound
functions according to Herbert and Colman (1980).
Many of the ethanol induced effects are due to the toxicity of
its metabolic products. This has been attested to by many other
investigators. For example, Lieber (1980) reported that hydrogen and
acetaldehyde were the two main products of ethanol metabolism.
Cederbaum et al. (1973) demonstrated that acetaldehyde inhibited the
transport of reducing equivalents into mitochondria by the reconsti¬
tuted fatty acid cycle, malate-asparate and the alpha-glycerol
phosphate shuttle. The activity of alpha-glycerol phosphate
dehydrogenase was shown to be inhibited 1, 14, 23, and 63% by 0.4,
1.5, 4.5, and 18 mM acetaldehyde, respectively (Cederbaum et al.,
1973). Also Cederbaum et al. (1973) reported that acetaldehyde
inhibited the transport of glutamate, phosphate, and citrate, anions
which participate in various shuttles. It was shown by Cederbaum and
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coworkers (1974a) that acetaldehyde inhibited oxidative phospho¬
rylation. Acetaldehyde has been shown to decrease the adenine
dinucleotide phosphate/oxygen (ADP/0) ratio, by inhibiting site one of
mitochondrial respiration and lowering the respiration control ratio
in isolated liver mitochondria (Cederbaura et al,, 1974a; Cederbaum and
Rubin, 1975; Cederbaum et al., 1975a). The observation by Cederbaum
et al. (1975a, 1975b) that acetaldehyde depressed fatty acid oxidation
in liver mitochondria led to the conclusion that acetaldehyde mimicks
defects associated with chronic alcohol consumption. In 1975, Hasraura
et al. reported a depression of acetaldehyde metabolism in mitochon¬
dria of ethanol-fed animals which was associated with the decreased
reoxidation of NADH. This decreased metabolism of acetaldehyde along
with its enhanced production results in an accumulation of acetal¬
dehyde in the liver and blood (Lieber, 1980). Matsuzarki and Lieber
(1977) also associated depressed mitochondrial functions of chronic
ethanol fed rats with acetaldehyde. Cederbaum and Dicker (1981)
studies using isolated hepatocytes supported the notion that during
ethanol metabolism the mitochondrial NADH/NAD"*" redox state change was
the result of intramitochondrial acetaldehyde oxidation. Studies by
Lindros and Stowel (1982) also supported the above notion.
Hydrogen is one of. the main products of ethanol metabolism
(Lieber, 1980). It has been shown that during ethanol metabolism,
hydrogen is transferred from the substrate to nicotinamide adenine
dinucleotide (NAD"^ which is converted to its reduced form (NADH).
The cytosolic NADH/NAD'*’ ratio is elevated because alcohol dehydro¬
genase produces NADH at a rate that does not balance the rate of its
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oxidation (Lundquist, 1975). Thus the NADH concentration increases
when the produced NADH is no longer oxidized (Lundquist, 1975). The
excessive cytoplasmic NADH causes an increase in the alpha-glycerol
phosphate concentration, because of a slowing of the reactions of
glycolysis that require NAD"^,
Alpha-glycerol phosphate serves as a structural backbone compo¬
nent of triglycerides and phospholipids. It was demonstrated by
Wakabayashi et al, (1961) in cell-free rat liver homogenates and by
Lieber et al. (1963) in alcohol fed rats that ethanol increased the
incorporation of palmitic acid into triglycerides. In other studies,
Scheig and Isselbacher (1963) reported a predominant accumulation of
triglyceride in comparison to the observed decrease of phospholipids
in ethanol induced fatty liver. Experiments by Nikkila and Ojala
(1963) showed an important factor in the pathogenesis of the ethanol-
induced fatty liver was an increase in triglyceride synthesis. They
observed an increased alpha-glycerol phosphate content in the liver
after ethanol administration which was mainly due to an increased
reduction of dihydroxyacetone phosphate to L-alpha-glycerol phosphate.
The reaction was stimulated by the excess NADH generated by ethanol
metabolism. This redox change caused a disequilibrium of the
L-alpha-glycerol phosphate/dihydroxyacetone phosphate system.
+ +
DHAP + NADH > L-o-GP + NAD + H
In 1955, Mallov demonstrated that chronic ethanol intoxication
promoted lipid accumulation in rat liver and Mallov and Bloch (1956)
reported that an acute dose of ethanol promoted a rapid rise and slow
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decline of liver lipid concentration in rats. The liver-lipid
increase was shown to be a function of the dose of ethanol admin¬
istered. Lieber et al. (1959) and Lieber and Schmid (1961) observed
that ethanol in vivo and vitro stimulated fatty acid syn¬
thesis in the liver. It was reported that this increased synthesis
was related to the Increased amounts of NADH generated by ethanol
metabolism.
Klatskin (1961) demonstrated that prolonged ethanol administra¬
tion caused a hypertriglyceridemic state in animals. Hawkins and
Kalant (1972) and Lieber (1974) reported that ethanol changes the
redox state (NAD'VnADH) in the liver and diverts fatty acids into
triglycerides, and that the accumulation of triglycerides in the liver
is representative of the increased synthesis of triglycerides caused
by consuming ethanol. The availability of glycerol phosphate after
ethanol metabolism is increased by this changed redox state (Lieber,
1974). However, Kalant et al, (1972) and Estler (1974) presented
evidence showing that the altered glycerol phosphate concentration
alone did not account for the ethanol-induced stimulation of hepatic
triglyceride synthesis.
To clarify some of these observations, the effects of both acute
and chronic ethanol administration on the enzymes involved in hepatic
triglyceride synthesis have been investigated. The first enzyme of
triglyceride synthesis, SN-glycerol-3-phosphate acyltransferase was
shown to be affected by chronic ethanol administration only (Joly et
al., 1973). These investigators observed a 73% increase in enzymatic
activity after 6 weeks of ethanol administration and no increase after
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10 days. In 1979, Brindley et al. found that ethanol feeding sig¬
nificantly increased the activity of phosphatidate phosphohydrolase
(PAP). This enzyme catalyzes the conversion of phosphatidate to
diacylglycerol and inorganic phosphate (Pi). Other investigators have
correlated the increased PAP activity after both acute and chronic
ethanol administration with the stimulation of hepatic synthesis and
secretion of increased quantities of triglycerides (Savolainen, 1977;
Pritchard and Brindley, 1977; Pritchard et al., 1977; Savolainen and
Hassinen, 1980). The increased intracellular diacylglycerol is
converted to triglycerides by diacylglycerol acyltransferase. This
enzyme activity was reported to increase two-fold after an acute dose
of ethanol when the cytosolic fraction was included in the assay of
the microsomal enzyme (Vaananen et al., 1981).
Cederbaura et al. (1974a) reported that chronic ethanol feeding
affected a number of hepatocellular functions related to mitochondria,
such as fatty acid oxidation, citric acid cycle activity, and oxygen
consumption. Normally fatty acids serve as the main energy source for
the liver, but investigators have shown that ethanol metabolism
depresses fatty acid oxidation (Lieber and Schmid, 1961; Reboucas and
Isselbacher, 1961; Lieber et al., 1967; Lieber and Schmid, 1969).
These studies were corroborated by the findings of Blomstrand et al.
(1973). Lieber (1984) concluded that the depression of hepatic fatty
acid oxidation results in deposition in the liver of fatty acids which
is a major cause of the development of alcoholic fatty liver. He
attributed the decreased fatty acid oxidation to a reduction in the
citric acid cycle which is secondary to the altered redox state and a
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consequence of mitochondrial structural changes.
Excessive ethanol metabolism has been shown to elevate the
NADH/NAD"^ ratio, due to a lack of a complementary increase in NADH
reoxidation. NAD"*■ requiring activities of the citric acid cycle are
depressed, leading to inhibition of citrate synthesis, i.e., the
condensation of oxaloacetate and acetyl-CoA, the first step in the
citric acid cycle.
In 1957, Albrink and Klatskin studied the effects of ethanol on
the plasma lipid levels and reported that ethanol consumption could
cause the development of hyperlipemic plasma. Ethanol consumption was
shown by several investigators (Brodie et al., 1961; Rebousac and
Isselbacher, 1961; Shapiro et al., 1963; Mallov, 1967; Sirtori et al.,
1974) to increase the plasma free fatty acid concentration. This
plasma free fatty acid increase was shown to be a function of the dose
of ethanol administered. The effects of prolonged alcohol imbibition
on the plasma triglyceride concentration are controversial. It has
been demonstrated that ethanol administration produced an increase in
the plasma triglyceride concentration (Shapiro et al., 1963; Nestle
and Hirsh, 1965). On the other hand, when chronic ethanol consumption
caused severe liver impairment a decreased plasma triglyceride con¬
centration was reported (Isselbacher and Greenberger, 1974; Avogaro et
al., 1981). In addition to the increased plasma free fatty acid and
triglyceride concentrations associated with ethanol intake, other
studies have shown that the ethanol administration produced an
increase in the plasma phospholipid concentration (Loswsky et al.,
1973).
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The reoxidation of cytoplasmic NADH can be enhanced by thyroxine
administration. Thyroxine (T^) the main hormone secreted by the
normal thyroid gland exists in a bound and unbound form (Rao and Rao,
1983). The T^ plasma binding proteins are thyroxine-binding globulin,
thyroxine-binding prealbumin and albumin (Rao and Rao, 1983). In
1975, DeGroot and Stanbury showed that the unbound form of T^ enters
the cells and produces various physiologic effects, Pardridge and
Mietus (1980) investigated the mechanism by which T^ traversed the
liver plasma membrane. These investigators concluded that T entered
4
the cell by free diffusion. Similarly, studies by Nicoloff et al.
(1981) using rat liver slices supported the free diffusion of T^
across the liver plasma membrane.
The conversion of T^ to T^ is catalyzed by 5'-,monodeiodinase.
Larson et al. (1955), using rat kidney slices, were the first to
demonstrate iji vitro the conversion of T^ to T^. It was reported
that the T^ to T^ conversion is enzymatic because the rate of the
reaction is dependent upon temperature, pH, and substrate concen¬
tration and did not occur after protein precipitation. Oppenheimer
et al. (1970) and Schwartz et al. (1971) reported that the plasma T^
concentration is greater than the T^ concentration.
Investigators have reported that in the rat T^ is 3 to 5 times
more active metabolically than T^ (Gross and Pitt-Rivers, 1953; Homing
and Holtkamp, 1953; Barker, 1956). Investigators such as Barker and
Klitgaard (1952); Ullrick and Whitehorn (1952); Barker and Schwartz
(1953) and Nelson et al. (1961) investigated the effect of thyroid
administration on oxygen consumption. They reported an increase in
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oxygen consumption using liver, kidney, heart, skeletal muscle, and
pancreas of animals receiving thyroid hormones when compared to the
untreated animals. Lee et al. (1959) fed desiccated thyroid gland to
rats and observed an increased oxidation of L-alpha glycerol phosphate
by liver mitochondria. On the other hand, rat liver mitochondrial
alpha-glycerol phosphate dehydrogenase activity was decreased after
thyroidectomy (Lee et al., 1959) and was normalized by thyroxine
administration. In 1964 and 1965, Reugamer et al. demonstrated that
the liver mitochondrial alpha-glycerol phosphate activity is con¬
trolled by thyroid hormone. Lee and Lardy (1965) and Ruegamer et al.
(1965) demonstrated that the liver mitochondrial alpha-glycerol
phosphate activity was a good indicator of thyroid hormone activity
in the liver. It was shown several years after the studies of Lee et
al. (1959) and by Selllnger et al. (1966) that liver mitochondrial
alpha-glycerol phosphate dehydrogenase activity was controlled by
thyroxine because a decreased enzymatic activity was observed after
thyroidectomy. Studies by Lee and Miller (1967) demonstrated an
increased liver mitochondrial alpha-glycerol phosphate activity in
thyroidectomized rats after a small dose of T^.
Tarentino et al. (1966), using cultured hepatocytes, demonstrated
an increased alpha glycerol phosphate dehydrogenase activity in the
presence of . Similar results were observed by Wilson and McMurray
(1981).
It has been shown that thyroid hormone administration induced
increases in the cytochrome concentrations of the inner mitochondrial
membrane in rat liver (Tata et al., 1963; Roodyn et al., 1965). Tata
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(1974) suggested that thyroid hormones induced an increased prefer¬
ential synthesis of the mitochondrial respiratory enzymes, and
subsequently Booth and Holloszy (1975) showed that thyrotoxicosis
increases the concentration of the cytochromes in rat liver mito¬
chondrial inner membrane.
Thyroxine administration positively affects fatty acid synthesis
and beta oxidation, but the mechanism of action is not clear. Inves¬
tigators have shown that thyroid hormone administration results in an
increase in hepatic fatty acid synthesis (Karp and Stetten, 1949;
Dayton et al., 1960; Gompertz and Greenbaum, 1966). Sprites et al.
(1953) demonstrated that acetate incorporation into fatty acids
was higher in hyperthyroid liver than in normal livers. Diamant et
al. (1972) also reported an increased incorporation of acetyl-CoA to
fatty acids in hyperthyroid livers. The effects of thyroid hormone on
the enzymes of fatty acid synthesis have been investigated. Diamant
et al. (1972) reported that the activity of acetyl-CoA carboxylase,
the rate limiting step in fatty acid synthesis, and fatty acid
synthetase was increased in the hyperthyroid liver. These findings
were corroborated by the studies of Roncari and Murthy (1975). Their
in vivo and vitro studies demonstrated that thyroxine
administration increased the hepatic acetyl-CoA carboxylase and fatty
acid synthetase activity significantly. Other investigators have
demonstrated increased acetyl-CoA and fatty acid synthetase activities
using hyperthyroid rat livers (Gnoni et al., 1978; Gnoni et al.,
1980). In addition, studies using hepatocytes isolated from hyper¬
thyroid rats and thyroid hormone treated hepatocytes have also
21
supported the above findings (Gnoni et al., 1980; Gnoni et al., 1985).
Sprites et al. (1963) investigated hepatic fatty acid oxidation
in hyperthyroid livers, and reported that the conversion of acetate to
CO2 was higher in hyperthyroid livers. Diamant et al. (1972) also
reported that fatty acid oxidation was stimulated in the thyrotoxic
state simultaneously with an increase in fatty acid synthesis.
Studies by Keyes et al. (1981) demonstrated that thyroid hormone
administration directed fatty acids into fatty acid oxidation pathways
and away from esterification pathways (i.e., triglyceride formation).
Similar results were observed by Muller et al. (1981) who demonstrated
that hyperthyroid states produced an increase in the liver oxidation
of free fatty acids.
Fatty acids may be esterified to glycerol forming triglycerides
(i.e., triacylglycerols) in the liver, and stored or secreted in very
low density lipoproteins. Young and Lynen (1969) investigated the
enzymatic regulation of triglyceride synthesis. These investigators
demonstrated that or T, treatment increased the activity of
3 4
diacylglycerol acyltransferase, an enzyme which catalyzes the
transacylation of the acyl group of acyl-CoA diacylglycerol with the
formation of triglyceride and CoASH. Roncari and Murthy (1975)
demonstrated that triglyceride synthesis was increased in the liver
after thyroid hormone administration, and Glenny and Brindley (1978)
reported that the hepatic triglyceride synthesis increased in
hyperthyroid rats. Brindley et al. (1979) concluded that the
increased thyroxine promoted a general increase in turnover and not a
net increase in synthesis of triglycerides. These investigators
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suggested that when the rate of triglyceride synthesis exceeds the
rate of its breakdown fatty liver occurs. Conflicting data was
reported by Bartels and Sestoft (1980) who found no change in the
liver triglyceride content of hyperthyroid rats. It was reported that
thyroxine treatment evoked an increase in the activity of acid lipase
(Coates et al., 1978) a lysosomal enzyme that hydrolyzes cholesterol
esters and triglycerides.
In hyperthyroid rats, the plasma triglyceride and free fatty acid
levels have been investigated. For example, Nikkila and Kekki (1972)
reported an increase in the average plasma triglyceride level in
thyrotoxicosis. They suggested that thyroid hormones control plasma
triglyceride production and removal. The mechanism for the enhanced
triglyceride secretion and of very low density lipoprotein trigly¬
ceride release seen in thyrotoxicosis is unclear. Keyes and Heimberg
(1979) reported, however, that liver triglyceride secretion was lower
for hyperthyroid treated animals when compared with livers from
hypothyroid and euthyroid control animals. In agreement. Laker and
Mayes (1981) reported that hyperthyroidism decreased the secretion of
triglycerides in the liver. It has been demonstrated clinically and
experimentally that thyroxine administration increases the serum free
fatty acid concentration. Rich et al. (1959) reported an increased
concentration of plasma free fatty acids in hyperthyroid states.
These studies were corroborated by the findings of Harlan et al.
(1963). Eaton et al. (1965) investigated the effects of T^ treatment
on the plasma free fatty acid concentration and also observed an
increased plasma free fatty acid concentration. Thus, these inves-
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tigators suggested that in the hyperthyroid state the elevated plasma
free fatty levels were associated with elevated rates of free fatty
acid turnover. Nikkila and Kekki (1972) reported an increased plasma
free fatty acid and glycerol level in hyperthyroidism while Diamant et
al. (1972) reported an increased serum free fatty acid concentration
in thyrotoxic animal. Therefore, they concluded that fat mobilization
was enhanced in thyrotoxic animals by using the concentration of the
plasma free fatty acid as an index of fat mobilization. Pfeifle et
al. (1980) demonstrated that fatty acid release from adipose tissue
was stimulated by thyroid hormone. Studies by Laker and Mayes (1981)
also demonstrated an increased plasma free fatty acid concentration in
hyperthyroid animals.
Thyroxine administration has been shown to stimulate fatty acid
degradation and prolonged alcohol imbibition has been shown to stimu¬
late fatty acid synthesis but the mechanism of these effects have not
been defined, nor has any relationship between these effects and
alcohol metabolism been established. Therefore, the objective of this
research is to evaluate the effect of T^ treatment of the fatty
infiltration of the liver of rats maintained on both normal and
I
alcohol supplemented diets, in order to determine the need for and
future direction of research relevant to the therapeutic value of





Male Wistar rats weighing between 75-125 grams (g) were used in
evaluating the effect of alcohol imbibition. In the thyroxine study,
h
larger animals weighing 150 to 175 g were used. All animals were at
least 33 days old on the initial date of the experiment.
Animal Treatment
The untreated animals for the alcohol study had free access to
Purina rat chow and water, (H2O). The rats on the alcohol diet (ACR)
had free access to Purina rat chow and were maintained on a free
drinking alcohol supplemented diet. This diet consisted of 10%
ethanol (EtOH) and served as their only source of liquid. The ACR
used in the ethanol-thyroxine (EtOH-T,) study were administered T,4 4
intraperitoneally according to Isreal et al. (1973), Three 10%
EtOH-T^ study sets were formed. The first set referred to as lOd ACR
was given a single i.p. injection of T^ (6mg/kg body weight) on day
10. The second set, the 30d ACR, was given three i.p. injections of
T^ (4mg, 6mg, 6mg/kg body weight) on day 28, 29, and 30 respectively.
The 60d ACR set received three i.p. injections of T^ on day 58, 59
and 60. Administration of three T i.p. injections was a modification
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of the method of Israel et al. (1973).
For the thyroxine study, these animals had free access to Purina
rat chow and water, while receiving the injections. All
untreated animals were sham injected with the transport buffer alone.
Preparation of Intact Rat Liver Mitochondria
Mitochondria were prepared according to a modified method of
Johnson and Lardy (1967). Following cessation of administration of
and/or EtOH, all animals were fasted then sacrificed after 24 to 30
hours. Animals were decapitated, bled (Videla and Israel, 1970), and
livers rapidly removed, weighed, and rinsed in ice cold SET buffer
containing 0.25 M Sucrose, 1 mM Tris Ethylenedinitrilotetraacetate
(EDTA) and 10 mM Tris-Hydrochloric Acid (Tris-HCl), pH 7.4. The EDTA
in this isotonic sucrose buffer chelates divalent cations. The
sucrose does not pass through membranes readily and thus does not
cause internal damage, such as mitochondrial swelling. The tissue was
first minced then rinsed with the SET buffer to facilitate the removal
of blood and membranous material. Ten volumes (vol.) of SET were
added per gram wet weight of liver used. The liver was homogenized
gently in SET in a 45 ml Potter-Elvejheim glass homogenizer with a
clearance of 0.007 inches with a teflon pestle. Excessive homogen¬
ization was avoided to minimize mitochondrial damage. The homogenate
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was centrifuged at 3,000 rpm for 3 min (slow speed spin) at 0-5 C in
a Beckman J2-21 centrifuge. The supernatant solution (SI) was
decanted leaving the solid material, the crude pellet (PI), behind.
PI contained broken cells, cell membranes, nuclei and some mitochon-
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dria. The SI solution was then centrifuged at 15,000 rpm for 3 to 5
minutes. The resulting pellet (MWa) containing mitochondria was saved
and the supernatant solution (S2) was used to rehomogenize the
original crude pellet (PI) and the homogenate centrifuged at 3,000 rpm
for 3 minutes. The pellet (P2) was discarded and the supernatant
solution (S3) was centrifuged at 15,000 rpm for 3 to 5 minutes. The
resultant supernatant solution (S4) was discarded and the resulting
crude mitochondrial pellet (MWb) was combined with (MWa) and
resuspended gently in 10 to 15 volumes of ST (0.25 M Sucrose and 0.5 M
Tris-HCl) and centrifuged at 15,000 rpm for 5 minutes as a washing
procedure. This yielded a once washed mitochondrial pellet (MWl).
This ST washing procedure removed most of the EDTA in solution and non
mitochondrial proteins. The MWl pellet was again washed in 5 to 10
volumes of ST, and centrifuged at slow speed for 3 minutes if neces¬
sary to remove any residual red cells. The supernatant solution was
centrifuged at 15,000 rpm for 5 to 10 minutes. The mitochondrial
pellet thus obtained is referred to as MW2 (twiced washed mitochon¬
drial pellet). The sucrose concentration was increased to 0.3 M on
the last wash as a means of improving the quantity and quality of the
intact mitochondria. The flow chart for the preparation of rat liver
mitochondrial is shown in fig. 2. All mitochondrial pellets were
suspended in 0.25 M Sucrose and 10 mM Tris-HCl, pH 7.4 at a final
concentration of approximately 40-50 mg mitochondrial protein per ml.
Clark-Type Oxygen Electrode
The Clark-type oxygen electrode (Estabrook, 1967) was used to
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measure mitochondrial respiration. The oxygen electrode consisted of
a platinum wire sealed in glass or plastic as the cathode with a
calomel membrane which was held in place with a ring of polyethylene
tubing. The membrane was changed after each experimental group study.
The electrode was fitted to a 1.8 ml chamber via a plastic collar.
Additions to the reaction chamber were made in 1 to 20 ul quantities
via a small port in the plastic collar. The chamber was water
jacketed to control temperature, and contained a teflon-encased
magnetic stirring disc to provide for continous stirring during the
reaction. To this chamber, the air (0^ ) equilibrated solution, STPK
(0.25 M Sucrose, 0.5 M Tris-HCl, pH 7.4, 0.5 M Tris-PO^, pH 7.4, 0.5 M
KCl) was added through the addition port. The physical arrangement of
the 1.8 ml reaction chamber, Clark-type oxygen electrode and magnetic
stirrer is illustrated in fig. 3. Back diffusion of oxygen was
eliminated in this closed chamber as along as all air bubbles were
removed from the system. After each experimental group study, the
chamber was washed by vacuum aspiration, rinsed twice with 95%
ethanol, once with 50% ethanol, then distilled water once and once
with 5 ml of the STPK (respiration medium).
Control For The Oxygen Electrode
The oxygen electrode is connected to a Bucking voltage box in
which two 1.5 volt flashlight batteries connected in parallel supplied
the current source. The voltage box (Fig. 4) consisted of three
potentiometers for the polarizing voltage source (-0.6 volts), a
sensitivity and zero control, a milllammeter (40 amps), and an off-on
29
switch. The current generated through resistor R1 was measured as a
voltage change through the millivolt amplifier. This voltage change
was recorded with a Cole-Parraer chart recorder. The potentiometer R1
was used for the sensitivity control. This permitted use of the
amplifier having a 10 mV scale. The variable resistor R2 established
the polarizing voltage. In the circuit, a variable resistor R3 was
included for a zero control. The current, with a polarization voltage
of -0.6 volts, was directly proportional to the oxygen concentration
of the respiration medium (240 mM at 22° C) (Estabrook, 1967). The
chart speed was set at 2.0 cm/min. A picture of the oxygen electrode
system used in our laboratory is shown in fig. 3 and the schematic for
the Bucking voltage control circuitry is shown in fig. 4.
Oxidative Reactions of Rat Liver Mitochondria
Mitochondria were evaluated polarographically as to their ability
to (a) oxidize both NAD'*’-linked substrates (Malate), and FAD'^-linked
substrates (Succinate, Alpha-glycerol phosphate), and (b) couple
substrate oxidation to the phosphorylation of ADP (oxidative
phosphorylation).
After STPK is added to the 1.8 ml respiration chamber (Fig. 3)
the stirrer is activated and the baseline rate of oxygen reduction in
STPK is stabilized to approximately a zero slope by applying the
appropriate voltage to the oxygen (O2) electrode to prevent non-
enzymatic reduction of O^. The Bucking voltage system designed to do
this is according to the procedure of Estabrook (1967) and described
in the method section under control for the oxygen electrode.
Figure 3. The Clark-Type oxygen electrode system in our laboratory.
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Substances and terms used in the study of mitochondrial electron
transport and oxidative phosphorylation need to be explained at this
point. The mitochondrial electron transport chain, sites of oxidative
phosphorylation and inhibition as described by Holtzman and Moore
(1977) are shown in fig. 5. Respiration is the oxidative breakdown of
nutrient molecules along with the release of energy. The mitochon¬
drial electron transport chain is composed of electron transferring
proteins that sequentially transfer electrons from substrates to
molecular oxygen. Oxidative phosphorylation is a process whereby ATP
is synthesized from ADP + Pi, The energy necessary for this process
is derived from electron transfer from substrate to oxygen via the
mitochondrial electron transport chain. State 3 refers to respiration
which is occurring during the phosphorylation of ADP (phosphate
acceptor respiration). State 4 refers to substrate supported
respiration in the absence of phosphate acceptor (ADP). The
respiratory control index (RCI) is state 3 respiration rate divided by
state 4 respiration rate. RCI is an index of the intactness of
mitochondria and values greater than 3 are acceptable. The ADP:0
(P:0) ratio represents the amount of ADP phosphorylated to ATP per
electron pair transferred to oxygen. This ratio is determined by
dividing the micromoles of ADP phosphorylated by the microatom
equivalents of oxygen utilized during that phosphorylation (i.e.,
during state 3 respiration).
Certain inhibitors block electron transport at specific sites in
the sequence of transport events between substrates and oxygen.
These are rotenone, antimycin and cyanide (CN“) which are site
Figure 5. Diagram of the mitochondrial electron transport chain.
Fp represents the flavoproteins, Fp is NADH dehydro-
1
genase and Fp is succinate deydrogenase. The cyto-
2




















specific (Fig. 5). Rotenone and pericidin inhibit electron transfer
of electrons between NADH and coenzyme (CoQ); antimycin inhibits
electron transfer between cytochromes b and c ; cyanide, carbon
monoxide and hydrogen sulfide inhibit the transfer of electrons from
cytochrome aa^ to oxygen. According to Slater (1967), the
mitochondrial electron transport inhibitors inhibit the following
reaction;
AH + B + C A'-C + BH
2 2
Oligomycin inhibits oxidative phosphorylation at the level of
reversible ATPase. One of the components of this ATPase is the
oligomycin sensitivity conferring protein which by binding oligomycin
causes an inhibition of the following reaction;
+
2H + ADP + P ATP + H 0
i 2
ATPase
Substances that uncouple the phosphorylation of ADP from electron
transport are referred to as uncoupling agents and 2-4 dinitrophenol
is the most common uncoupler. It permits the oxidation of the
substrate without phosphorylation (Slater, 1967) as shown in this
reaction.
AH + B A + BH
2 2
Oxygen consumption is recorded as a function of time and the
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recorded change in slope reflects the rate of oxygen utilization; this
is used to determine the state 4 and state 3 respiratory rates (Fig.
6) (Estabrook, 1967). State 3, distance Y, was determined by
extending the slope of lines A, B, and C and measuring the number of
recorder divisions from the intersect of curves A-B and curves B-C.
The total oxygen content of the reaction medium is depicted by X
(Fig. 6).
The activity of the liver mitochondrial alpha-glycerol phosphate
dehydrogenase was measured polarographically and was directly related
to the rate of oxygen consumption when L-alpha-glycerol phosphate was
used as the substrate in the presence of rotenone to inhibit concom¬
itant NADH oxidation.
The liver mitochondrial-alpha glycerol phosphate dehydrogenase
activity was also determined enzymatically by measuring the moles of
cytochrome c reduced per minute. To the standard reaction mixture
containing 750 ul of ST, 0.4 mg mitochondria protein, 50 ul of 1 mM
cytochrome c, 10 ul of 1 mM potassium cyanide and rotenone, 0.5 M
L-alpha-glycerol phosphate was added. The reduction of cytochrome c
was determined using an Aminco dual beam spectrophotomer (Xing, 1967).
Isolation Of Total Rat Liver Lipids
For the isolation of total rat liver lipids, 1 gram of rat liver
was homogenized in 10 ml of 0.9% sodium chloride (NaCl) and extracted
by mixing vigorously with a 2:1 (vol:vol) solution of chloroform;
methanol (Folch et al., 1957). The mixture was then allowed to stand
in a separatory funnel until two distinct phases (hydrophobic-
Figure. 6. Example of the Clark-type oxygen electrode tracing.
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hydrophilic) were completely separated. The bottom chloroform phase
containing the total lipids was collected, measured, recorded then
mixed vigorously with a fresh sample of extracting solution which
consisted of chloroform;methanol;distilled water (3;48;47 by volume).
This step is necessary to wash the chloroform layer of residual
hydrophilic materials. The phases were again allowed to separate
completely. The lower phase containing the lipids was collected and
measured and the solvent was evaporated at 50° C with a stream of
nitrogen. The lipid extract was redissolved in 1 ml of chloroform;
methanol (2;1 by volume), and stored at -80° C in a Revco freezer in a
tightly sealed vial. In order to account for any solvent evaporation
while the lipid sample was stored, records on the volume of each
sample were maintained.
Thin-Layer Chromatography Of Rat Liver Lipid Extract
Samples were chromatographed on silica gel G plates with a
calcium sulfate binder. The solvent system used to develop the
chromatogram was composed of petroleum ether;diethyl ether;acetic acid
in a volume ratio of 90;10;1 (Folch et al., 1957).
The rationale for the system is that by increasing the polarity
of the developing solvent by adding diethyl ether the distance moved
by the sample component increased and the separation of the sample
improved. Acetic acid which is commonly used in the thin layer
chromatography (TLC) of fatty acids was added to prevent acidic or
basic compounds from smearing because of the presence of more than one
ionic species.
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Before spotting the lipid mixtures, a 0.5 cm margin on both sides
and on the top of the plate was scraped free of silica gel to prevent
absorption of the solvent into the absorbent edges from the saturated
paper liner in the developing chamber. The development chamber was
lined with filter paper and was saturated with solvent vapor for one
hour before development of the chromatogreim. In order to obtain a
uniform solvent front, a horizontal line was scored through the layer
at the proposed upper limit of solvent flow. Each lipid mixture was
applied as a spot 1.5 - 2.5 cm from the edge of the layer by touching
a glass Hamilton syringe onto the layer without disturbing it.
After development, the plates were air dried and the compounds
were detected visually with iodine vapors in a closed glass chamber.
The separation of the lipid classes are shown in the fig. 7. Only the
phospholipids did not migrate from the point of origin.
Rat Liver Total Trigylceride Assay
Triglycerides which are neutral lipids (1,2,3 trifattyacyl-
glycerol) were determined by measuring the amount of glycerol released
after saponification with potassium hydroxide. The released glycerol
was oxidized by periodate to formaldehyde^ The formaldehyde formed
was quantitatively condensed with acetylacetone in the presence of
ammonium (NH^) to yield 3,5-diacetyl-l, 4~dihydrolutedine. The
3,5-diacetyl-l, 4-dlhydrolutedine (the yellow end product) was
measured spectrophotometrically at 404 nm with the Beckman DU-8
spectrophotometer (Fletcher, 1968).
The chemical determination of triglycerides can be summarized
Figure 7. Thin-layer chromatography of lipid extracts.
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accordingly: extraction of triglycerides with an organic solvent;
oxidation of the glycerol to formaldehyde and the measurement of
formaldehyde in the form of 3,5--diacetyl-l, 4-dihydrolutidine.
All standards, controls, and experimental triglyceride samples
were eluted from the silica gel G four times with methanol (0.5 ml by
volume). The eluted samples were dried using a stream of nitrogen
(N2) at 50° C for 60 minutes. The standard curve for the deter¬
mination of triglycerides was prepared using varying amounts of 1 mM
triolein. The tubes containing the standards and experimental samples
volumes were adjusted with chloroform:methanol (2:1 by volume).
Isopropanol, 2 ml, was added to each tube and after mixing well, 0.6
ml of 5% KOH was added. The tubes were sealed and incubated 15
minutes at 70° C in a water bath. After cooling, the seals were
broken and 1 ml of sodium metaperiodate working solution (containing
12 ml of 0.025 M sodium metaperiodate, 20 ml of isopropanol, and 64 ml
of 1 N acetic acid) was added to each tube. The samples were mixed,
and 0.5 ml of the acetylacetone reagent (containing 0.75 ml of 10 M
acetylacetone (2-4 pentanedine), 2,5 ml of isopropanol, and 100 ml of
2 M ammonium acetate) was added. Each tube was read at 404 nm after a
60-70° C 15 min stoppered incubation and the DU-8 spectrophotometer
was zeroed against the blank.
Recoveries were calculated with unknown samples by adding known
amounts of triolein. Since the quantitations of unknown and standard




X + Y2.Standard (std.) + Sample
X’ + Y"3.Percent (%) recovery * X' + Y" x 100
X + Y
This number is used to calculate the true values of the unknown from
the experimentally obtained value.
Rat Liver Total Phospholipid Assay
Phospholipids which are lipids containing one or more phosphate
groups are determined by the colorimeteric method described here.
Sodium phosphate-monobasic-dihydrate (NaH^PO^*211^0) was used as the
standard. The phosphorus content of the phospholipids was determined
by measuring the organically-bound phosphorus after its conversion
into inorganic phosphorus. Conversion of organically-bound phosphorus
into inorganic phosphorus was obtained by digestion with sulfuric
acid. The inorganic phosphorus was reacted with ammonium molybdate
yielding phosphomolybdate. The phosphomolybdate was reduced by
ascorbic acid and the resultant blue-colored complex was determined
spectrophotometrically at 822 nm (Morrison, 1967) with a Beckman DU-8
spectrophotometer.
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All phospholipid controls, and experimental samples were eluted
from the silica gel G four times with cholorform;methanol:acetic
acid;distilled water (25:15:4:2 by volume). The first and second
elutions were performed by using respectively 3 ml and 2 ml aliquots
of chloroform:methanol:acetic acid:distilled water. The third elution
was performed with 2 ml of methanol while the fourth was performed
with 2 ml of methanol:acetic acid:distilled water (94:1:5 by volume).
The phospholipids were dried using a stream of nitrogen at 50° C for
60 minutes. Each sample was redissolved in 1 ml of chloroform:
methanol (2:1 by volume), and stored in at -80° C in a tightly sealed
vial. In order to account for any solvent evaporation while the
phospholipid samples were stored, records on the volume of each sample
were maintained.
The phospholipid phosphorus was determined by using varying
amounts of 0.026 mM sodium-phosphate-monobasic-dihydrate according to
Morrison (1964). To each tube containing a standard and sample,
0.3 ml of concentrated sulfuric acid (H SO ) was added. All tubes
2 4
were heated until charring was complete. This took approximately 60
minutes at 120° C. To decolorize the samples, 30 ul of 30% hydrogen
peroxide (H2O2) was added, and the samples heated further to boil off
the hydrogen peroxide. Distilled water (3.2 ml) and and 0.1 ml of
2.32 M sodium sulfate were added to the samples which were then mixed
and 1.0 ml of 0.16 M ammonium molybdate added. The tubes containing
the samples were mixed and 0.1 ml of 0.50 M ascorbic acid added.
After mixing, the tubes were sealed, then placed in a water bath for
10 minutes at 100° C. The tubes were cooled, and the seals removed.
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0.4 ml of distilled water was added, and the samples were read at 822
nm using a Beckman DU-8 spectrophotometer.
Rat Liver Total Free Fatty Acid Assay
Free fatty acids were extracted by four washes each with 1 ml of
petroleum ether (PET ether). The PET ether was evaporated with a
stream of nitrogen at 60 ° C and redissolved in 1 ml of PET ether. The
rat liver free fatty acid content was determined colorimetrically
using the method of Bragdon (1951). The first step, the oxidation of
free fatty acids, was performed by adding 0.625 ml of 0.068 M
potassium dichromate (Yi^Cr^Oj) in concentrated H2S0^ to each tube.
The tubes were heated in a 120® C water bath for 30 minutes, cooled,
and 0.75 ml of distilled water was added. After mixing, the absor¬
bance of each sample was read against a blank at 580 nm with a Beckman
DU-8 spectrophotomer. The standard curve was made by using varying
amounts of palmitic acid ranging from 0.024 mM to 0.98 mM.
Isolation of Total Rat Plasma Lipids
Total rat plasma lipids were extracted with a 2:1 volume:volume
solution of chloroform:methanol solution (Folch et al., 1957) as
described in the isolation of total rat liver lipids section. The
plasma lipids were separated by thin layer chromatography and the
triglycerides and free fatty acid content was determined as described




The alcohol consuming rats (ACR) were compared with normal rats
of the same age and Inltal body weight (wt.) to determine the effects
of ethanol (EtOH) on their age related weight gain. The data in
Table 1 indicate that as the animals passed the 7th day (d) on the
EtOH diet they increased their alcohol imbibition as graphically
represented in Fig. 8. For week 2, 3, and 4, the animals drank an
average of 16-17 g of ethanol/kg body weight (Table 1). At the end of
the first week, the ACR gained approximately 20 grams (g) less than
the controls. The weight change leveled by the 4th week for both
groups of animals, the ACR gained 88 g less than the normals (Fig.
9). When one compares these data (Table 1 and Fig. 8) with the body
weight, one sees both in Table 2 and fig. 10 that the weight gain
difference between normal and ACR was very significant, p < 0.005.
Liver Weight/Body Weight Ratio
The effects of ethanol (EtOH) consumption and/or L-thyroxine (T^)
administration on the liver wt./body wt. ratio were determined. The
ACR animals were fasted and sacrificed approximately 24 hours after
the 10, 30 or 60d time period. The T^ animals were fasted for 24
hours after the last injection and then sacrificed. Immediately after
44
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Table 1, The average grams (g) of ethanol (EtOH) consumed/kilogram
(kg) of body weight (wt.).






The alcohol consuming rats (ACR) were maintained on 10% ethanol in
their drinking water and were allowed free access to food. The grams
of EtOH consumed and the animal body weight were recorded on the days
indicated. The number in parenthesis (n) represents the number of
determinations.
Figure 8. The average grams of ethanol (EtOH) consumed per kilogram




Table 2. The Effects of EtOH consumption on the weekly
body weight gain.
WEEKLY WEIGHT (Wt .) GAIN
Week Control 10% EtOH





The alcohol consuming rats (ACR) were maintained on 10% ethanol in
their drinking water and were allowed free access. Their body weights
were compared with the controls. The controls were given food and
water ad libitum.
Figure 9. The effects of ethanol (EtOH) consumption on the body
weight gain in grams on day 1, 7, 14, 21 and 28. The
open circles (O) represent the control group. The closed
circles (♦) represent the EtOH consuming group.
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sacrificing, the livers were removed, rinsed and weighed. The average
liver wt./body wt. ratio was 0.049 for the lOd control group and 0.039
for the 10% EtOH-lOd group (Table 3). No significant change in the
liver wt./body wt. ratio was noted for the 30d control group nor the
10% Et0H-30d group. The liver wt./body wt. ratio was lower, however,
for the 10% Et0H-60d group. Animals that received T^ for 1 day and 3
days had a liver wt./body wt. ratio that was essentially the same as
the saline control groups. The liver wt./body wt. ratio of the 10%
EtOH-lOd + T4-3d group had a mean value lower than the control group;
a still higher mean value was found for the 10% Et0H-60d + T^-3d
group. However, the mean liver wt./body wt. ratio for the 10%
Et0H-30d + T^-3d group was slightly lower than the control animals
given saline instead of T^ for 3d. The data indicate that chronic
EtOH consumption did not result in a significant change in the liver
wt./body wt. ratio.
Liver Mitochondrial Oxidation of Various Substrates
In the initial studies, only the state 4 respiratory rates were
determined with all substrates. This was done in order to determine
the actual state 4 rates in the absence of phosphate acceptor (ADP).
The quantitative and qualitative variability within each substrate
group is not as interesting as variability between substrate groups
for any one experimental group (Table 4). State 4 refers to substrate
supported respiration in the absence of phosphate acceptor (ADP) and
state 3 refers to respiration which is securing during the
phosphorylation of ADP.
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Table 3, The Effects of 10% EtOH and L-thyroxine (T4) on
the average liver weight/body weight ratio.
Average
No. of Liver wt
Group Days Age* Liver wt. Body wt. Body wt.
Control 10 43 7.56 153.0 0.049
EtOH 10 43 5.55 140.5 0.039
EtOH 10
3 43 6.12 166.9 0.037
Control 30 64 10.45 256.7 0.041
EtOH 30 64 10.75 247.9 0.043
EtOH 30
3 64 10.41 268.9 0.039
Control 60 107 14.59 394.0 0.037
EtOH 60 107 11.52 397.0 0.029
EtOH 60
+ T4 3 107 14.92 367.5 0.041
T4 1 43 10.01 260.0 0.038
Ta 3 45 8.04 185.0 0.043
The alcohol consuming rats (ACR) were maintained on 10% ethanol in
their drinking water and were allowed free access to food. The
Et0H-30d animals received 3 i.p. injections of T (4 mg, 6 mg and 6
mg/kg bd wt.) on day 28, 29 and 30, respectively. The controls were
given food and water, ad libitum and sham injected. The T^-ld
injection was 6 mg/kg bd wt. Values are mean + S.D. The number
in parenthesis (n) represents the number of determinations. The *
represents the animal age on the day of sacrifice.
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Glutamate + Malate
State 4 mitochondrial respiratory rates with 10 mM glutamate +
malate (glu. + mal.) as substrate were slightly decreased to 80% of
control rates (Table 5) for the EtOH-30d treated group. The State 4
rates of mitochondria obtained after chronic ethanol consumption for
60d were decreased to 56% of control rates (Table 10). T, treatment
k
alone for 3d increased the state 4 rates with glu. + mal, to 153% of
controls (Table 10). However, T^-3d treatment of the EtOH 30d group
resulted in state 4 rates that were 115% (Table 6) and 140% of con¬
trols (Table 8) while a similar treatment of the EtOH 60d group
increased state 4 rates to 211% of controls (Table 10). It was also
noted that T^-ld treatment for the Et0H-30d group increased the state
4 rates to 163% of controls (Table 9).
Ethanol consumption for 30d decreased the state 3 mitochondrial
respiratory rates to 52% of control rates (Table 5) and T -3d4
treatment of this group increased the rates, to 103% of control (Table
8).
Succinate
With 10 mM succinate as substrate, mitochondrial respiratory
state 4 rates were decreased to 88% (Table 4) and 82% of control rates
(Table 5) for mitochondria from Et0H-30d groups when compared to
the controls. The state 4 rates for the Et0H-60d group were
essentially the same, 81% (Table 10) as the Et0H-30d groups. T^ alone
for 3d decreased the state 4 rates to 85% of control (Table 10), while
similar treatment of the Et0H-30d groups increased state 4 rates to
52
85% (Table 6) and 78% (Table 8) but increased the EtOH 60d rates to
103% of control (Table 10). On the other hand, the EtOH 30d + T, Id
respiratory rates were increased to 165% of control (Table 9).
The state 3 mitochondrial respiratory rates were decreased to 75%
of controls (Table 5) for the Et0H-30d group when succinate was used
as the substrate. After T^-3d treatment of the Et0H-30d group, the
state 3 rates were increased to 76% of control (Table 8).
L-alpha-glycerol phosphate
The mitochondrial state 4 respiratory rates for the EtOH 30d
groups were increased to 13-15% over controls (Table 4 and 5) when
0.5 M L-alpha-glycerol phosphate (L-ot-GP) was used as the substrate.
The state 4 rates with this substrate were increased significantly,
164% over controls (Table 10) for the Et0H-60d group. T^ treatment
alone for 3d increased the state 4 rates dramatically, 536% over
controls (Table 10). Treatment of the Et0H-30d group with T^ for 3d
increased the state 4 rates to 307% (Table 6), 311% (Table 7) and 253%
of control rates (Table 8). However, the Et0H-60d + T -3d group rates
4
were increased above 4-fold (Table 10). T^-ld treatment of the EtOH-
30d group increased the respiratory state 4 rates to 310% of the
controls (Table 9).
The state 3 rates were decreased to 96% of controls (Table 5) for
the Et0H-30d group with L-alpha-glycerol phosphate as the substrate.
On the other hand, the Et0H-30d + T^-3d group had a state 3 rate that
was 355% of the control rate (Table 8).
As a method of reevaluating the increased oxidation rates of
Table 4. The Effects of Et0H-30d on State 4 Mitochondrial Respiration
Group: Control Group: Et0H-30d
% State 4 % State 4
Substrate:
10 mM Glu + Mai 100 9.40 + 0.41 (5) 93 8.72 + 2,15 (12)
10 mM Succinate 100 17.19 + 0.62 (5) 88 15.23 + 2.94 (6)
10 mM L-a-GP 100 2.88 + 0.09 (4) 115 3.31 + 1.10 (10)
Substrates used were 10 mM Glutamate + Malate (Glu + Mai), 10 mM
Succinate and 10 mM L-alpha-glycerol phosphate (L-a-GP). State 4
refers to substrate supported respiration in the absence of phosphate
acceptor (ADP). State 4 units are nanoatom equivalents of oxygen
utilized/min/mg protein. The alcohol consuming rats (ACR) were main¬
tained on a 10% EtOH 30 day free drinking diet and were allowed free
access to food. The controls were given food and water, ^ libitum.
Values are mean ± S.D. The number in parenthesis (n) represents
the number of determinations. % = percentage, change from controls.
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Table 5. The Effects of Et0H-30d on State 4 and State 3 Mitochondrial
Respiration.
Group: Control
% State 4 % State 3
Substrate;
10 mM Glu + Mai 100 10.04 + 0.73 (3) 100 47.29 + 7.65 (3)
10 mM Succinate 100 17.85 + 0.76 (5) 100 41.68 + 1.49 (4)
10 mM L-a-GP 100 3.52 + 0.23 (2) 100 5.44 + 0.58 (2)
Group: Et0H-30d State 4 State 3
Substrate;
10 mM Glu + Mai 80 8.03 + 0.97 (3) 52 24.58 + 1.35 (3)
10 mM Succinate 82 14.60 + 0.61 (2) 75 31.16 + 0.13 (2)
10 mM L-oM;P 113 3.91 + 0.61 (2) 96 5.21 + 0.00 (2)
Substrates used were 10 mM Glutamate + Malate (Glu + Mai), 10 nM
Succinate and 10 mM L-alpha-glycerol phosphate (L-a-GP). State 4
refers to substrate supported respiration in the absence of phos¬
phate acceptor (ADP). State 3 refers to respiration which is occur¬
ring during the phosphorylation of ADP, State 4 and 3 units are
nanoatom equivalents of oxygen utilized/min/mg protein. The alcohol
consuming rats (ACR) were maintained on a 10% ethanol 30 day free
drinking diet and were allowed free access to food. The controls
were given food and water, ad libitum. Values are mean ± S.D.
The number in parenthesis (n) represents the number of determina¬
tions. % = percentage, change from controls. The asterisk repre¬
sents the p-value which is less than 0.01 when compared to controls.
Table 6. The Effects of Et0H-30d and T,-3d on State 4 Mitochondrial
Respiration,
Group: Control Group: Et0H-30d + T^ -3d
% State 4 % State 4
Substrate:
10 mM Glu + Mai 100 9.40 + 0.63 (4) 115 10.81 + 1.41 (15)
10 mM Succinate 100 17.54 + 4.95 (3) 85 14.86 + 2.46 (8)
10 mM L-a-GP 100 4.99 + 0.22 (2) 307 15.30 + 3.76 (15)
Substrates used were 10 mM Glutamate + Malate (Glu + Mai), 10 mM
Succinate and 10 mM L-alpha-glycerol phosphate (L-a-GP). State 4
refers to substrate supported respiration in the absence of phosphate
acceptor (ADP), State 4 units are nanoatom equivalents of oxgyen
utilized/min/mg protein. The alcohol consuming rats (ACR) were main¬
tained on a 10% EtOH 30 day free drinking diet and were allowed free
access to food. The Et0H-30d animals received 3 i.p. injections of
L-thyroxine (T ) (4 mg, 6 mg and 6 mg/kg bd wt.) on day 28, 29 and 30,
respectively. The controls were given food and water ^ libitum
and sham injected on day 28, 29 and 30. Values are mean + S.D.
The number in parenthesis (n) represents the number of determina¬
tions. % = percentage, change from controls. The asterisk repre¬
sents the p-value which is less than 0.01 when compared to controls.
Table 7. The Effects of Et0H-30d and T -3d on State 4 Mitochondrial
Respiration with L-alpha-glycirol phosphate as the substrate.
Group: Contol Group: Et0H-30d + T^-3d
% State 4 % State 4
Substrate:
10 mM L-a-GP 100 5.45 + 0.55 (3) 361 19.69 + 5.48 (9)
Ln
- - - - ON
State 4 refers to substrate supported respiration in the absence of
phosphate acceptor (ADP). State 4 units are nanoatom equivalents of
oxygen utilized/min/mg protein. The alcohol consuming rats (ACR)
were maintained on a 10% EtOH 30 day free drinking diet and were
allowed free access to food. The Et0H-30d animals received 3 i.p.
injections of L-thyroxine (T^) (4 mg, 4 mg and 6 mg/kg bd wt.) on day
28, 29 and 30, respectively. The control animals were given food
and water, £id libitum and sham injected on days 28, 29 and 30.
Values are mean S.D. The number in parenthesis (n) represents
the number of determinations. % = percentage, change from control.
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Table 8. The Effects of Et0H-30d and T,-3d on State 4 and State 3
Mitochondrial Respiration.
Group: Control
% State 4 % State 3
Substrate;
10 mM Glu + Mai 100 10.34 + 0.47 (5) 100 38.50 + 2.01 (5)
10 mM Succinate 100 19.60 + 1.81 (5) 100 36.19 + 6.45 (5)
10 mM L-a-GP 100 5.87 + 0.00 (2) 100 6.06 + 0.27 (2)
Group; Et0H-30d + V-3d
Substrate:
10 mM Glu + Mai 140 14.50+0.91 (3) 103 39.69 + 0.58 (3)
10 mM Succinate. 78 15.33 + 0.78 (3) 76 27.41 + 2.37 (3)
10 mM L-a-GP 253 14.86 + 1.24 (4) 355 21.53 + 2.56 (4)
Substrates used were 10 mM Glutamate + Malate (Glu + Mai), 10 mM
Succinate and 10 mM L-alpha-glycerol phosphate (L-Or-GP). State 4
refers to substrate supported respiration in the absence of phosphate
acceptor (ADP). State 4 units are nanoatom equivalents of oxygen
utilized/min/mg protein. The alcohol consuming rats (ACR) were main¬
tained on a 10% EtOH 30 day free drinking diet and were allowed free
access to food. The Et0H-30d animals received 3 i.p. injections of
L-thyroxine (T^) (4 mg, 6 mg and 6 mg/kg bd wt.) on day 28, 29 and 30,
respectively. The controls were given food and water ad libitum
and sham injected on day day 28, 29 and 30. Values are mean S.D.
The number in parenthesis (n) represents the number of determina¬
tions. % = percentage, change from controls. The asterisk represents
the p-value which is less than 0.01 when compared to controls.
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Table 9. The Effects of Et0H-30d and T -Id on State 4 Mitochondrial
Respiration with 0.5 M Glutamate + Malate (Glu + Mai),
0.5 M Succinate and 0.5 M L-alpha-glycerol phosphate
(L-a-GP) as the substrate.
Group; Control Group: Et0H-30d + T^-ld
% State 4 % State 4
Substrate:
10 mM Glu + Mai 100 9.40 + 0.50 (7) 163 15.35 + 1.06 (15)
10 mM Succinate 100 23.58 + 0.89 (3) 165 38.96 + 7.94 ( 7)
10 mM L—pi^GP 100 3.80 + 0.00 (2) 310 11.79 + 1.74 ( 7)
% State 3 % State 3
Substrate:
10 mM Glu + Mai 100 28.85 + 0.72 (4) 160 46.40 + 3.43 ( 8)
10 mM L-a-GP 100 9.40 + 0.00 (2) 284 26.64 +1.93 ( 6)
State 4 refers to substrate supported respiration in the absence of
phosphate acceptor (ADP). State 4 units are nanoatom eqivalents of
oxygen utilized/min/mg protein. The alcohol consuming rats (ACR)
were maintained on a 10% EtOH 30 day free drinking diet and were
allowed free access to food. The Et0H-30d animals received 3 i.p.
injections of L-thyroxine (T^) (4 mg, 6 mg and 6 mg/kg bd wt.) on day
28, 29 and 30, respectively. The controls were given food and water,
ad libitum and sham injected on day 28, 29 and 30. Values are
mean + S.D. The number in parenthesis (n) represents the number
of determinations. % = percentage, change from controls. The aste¬
risk represents the p-value which is less than 0.01 when compared
to controls.
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Table 10. The Effects of Et0H-60d and T -3d on State 4 Mitochondrial
Respiration. ^
Group: Control Group; T -3d4
% State 4 % State 4
Substrate:
10 mM Glu + Mai 100 9.40 + 1.38 (7) 153 14.41 + 1.55 (4)
10 mM Succinate 100 19.66 + 3.69 (7) 85 16.78 + 2.96 (2)
10 mM L-oe-GP 100 2.95 (1) 636 18.76 + 3.05 (4)
Group; Et0H-60d Group ; Et0H-60d + T^-3(
% State 4 % State 4
Substrate;
10 mM Glu + Mai 56 5.30 + 1.62 (7) 211 19.80 + 1.67 (li;
10 mM Succinate 81 15.83 + 3.57 (3) 103 20.29 + 4.18 ( 7]
10 mM L-ofr-GP 264 7.81 (1) 1210 35.63 +1.95 ( 7:
Substrates used were 10 mM Glutamate + Malate (Glu + Mai), 10 mM
Succinate and 10 mM L-a-GP. State 4 refers to substrate supported
respiration in the absence of phosphate acceptor (ADP). State 4
units are nanoatom equivalents of oxygen utilized/min/mg protein.
The alcohol consuming rats (ACR) were maintained on a 10% EtOH 60 day
free drinking diet and were allowed free access to food. The EtOH-
60d animals received 3 i.p. injections of L-thyroxine (T/^) (4 mg, 6 mg
and 6mg/kg bd wt.) on day 58, 59 and 60, respectively. The T4-3d
animals received 3 i.p. injections of 4mg, 6mg and 6mg/kg bd wt on
day 1, 2 and 3, respectively. The controls were given food and
water, ^ libitum, and sham injected. Values are mean +, S.D.
The number in parenthesis (n) represents the number of determina¬
tions. % = percentage, change from controls. The asterisk repre¬
sents the p-value which is less than 0.01 when compared to controls.
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L-alpha-glycerol phosphate for the Et0H-30d + T^-3d group only, the
enzymatic activity of the liver mitochondrial alpha glycerol phosphate
dehydrogenase was measured directly. As shown in Table 11, the
liver mitochondrial alpha glycerol phosphate dehydrogenase activity
was increased when compared to the control.
Respiratory Control Index
The respiratory control index (RCI) of mitochondria from the
Et0H-30d group was lower than that of the control group when glu. +
mal. was used as the substrate (Table 12). Only the RCI for the
oxidation of glu. + mal. was significantly affected by EtOH; when
other substrates were used the RCI were the same as controls. T,
4
treatment lowered the RCI values partially for each group when com¬
pared to the EtOH values, except when L-alpha-glycerol phosphate was
the substrate.
P:0
Ethanol intake for 30 days depressed the P:0 values with all
substrates. The greatest depression was observed when glu. + mal. was
used as the substrate (Table 13). T^ treatment of this group (EtOH-
30d), partially reversed the ethanol-induced P:0 depression.
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Table 11. The enzymatic activity of the liver mitochondrial-alpha







3.00 X 10 + 5.0 X 10 (3)
-1
2.64 + 3.6 X 10 (3)
The alcohol consuming rats (ACR) were maintained on 10% ethanol in
their drinking water and were allowed free access to food. The EtOH
30d animals received 3 i.p. injections of L-thyroxine (T^) (4mg, 6mg
and 6mg/kg bd. wt.) on day 28, 29 and 30, respectively. The controls
were given food and water ad libitum and sham injected. Values
were determined by measuring the moles of cytochrome c reduced. The
number in parenthesis (n) represents the number of determinations. %
= percentage, changed from controls.
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Table 12. The respiratory control index for the NAD -linked^
substrates (10 mM Glutamate + Malate) and the FAD -linked
substrates (10 mM Succinate and 10 mM L-alpha-glycerol
phosphate) in the presence and absence of EtOH and T^.
Respiratory
Substrate Group Control Index
Glutamate Control 4.21 + 0.05 (2)
and malate Et0H-30d
Et0H-30d
3.08 + 0.28 (3)
+ T-3d
4
2.74 + 0.35 (3)
Succinate Control 2.32 + 0.17 (4)
Et0H-30d
Et0H-30d
2.13 + 0.11 (2)
+ T -3d
4
1.80 + 0.07 (3)
L-alpha-
glycerol phosphate Control 1.55 + 0.07 (2)
Et0H-30d
Et0H-30d
1.35 + 0.21 (2)
+ T4-3d 1.46 + 0.27 (4)
Respiratory control index (state 3/state 4) represents mitochondrial
Intactness. State 4 refers to substrate supported respiration in the
absence of phosphate acceptor (ADP). State 3 refers to supported
respiration in the presence of phosphate acceptor. The alcohol
consuming rats (ACR) were maintained on 10% ethanol (EtOH) 30 day (d)
free drinking diet. The Et0H-30d animals received three i.p.
injections of L-thyroxine (T ) (4 mg, 6 mg and 6 mg/kg bd wt.) on day
28, 29 and 30, respectively.^ The controls were maintained on water
and sham injected. Values are mean S.D. The number in parenthe¬
sis (n) represents the number of determinations.
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Table 13, The P:0 ratio for the NAD'^-linked substrates (10 mM
Glutamate + Malate) and the FAD'^-linked substrates (10 mM
Succinate and 10 mM L-alpha-glycerol phosphate) in the
presence and absence of EtOH and T^.



















3.00 + 0.00 (3)
2.15 + 0.21 (2)
2.50 + 0.02 (2)
2.00 + 0.00 (3)
1.63 + 0.06 (2)
1.70+0.05 (2)
2.00 + 0.01 (2)
1.65 + 0.02 (2)
1.76 + 0.04 (4)
The P;0 ratio refers to the micromoles of ADP added, divided by the
microatoms of oxygen utilized. The alcohol consuming rats (ACR) were
maintained on 10% ethanol in their drinking water and were allowed
free access to food. The Et0H-30d animals received 3 i.p. injections
of L-thyroxine (T^) (4 mg, 6 mg and 6 mg/kg bd wt.) on day 28, 29 and
30, respectively. The controls were given food and water ad libitum
and sham injected. Values are mean + S.D. The number in parenthesis
(n) represents the number of determinations.
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Rat liver total triglyceride, phospholipid.
and free fatty content
EtOH intake for 30d resulted in a significant increase in the
liver total free fatty acid content when compared to controls (Fig.
10), treatment of the EtOH 30d group resulted in a decrease in the
liver free fatty acid content to a value that was only slightly but
significantly above the controls. The liver free fatty acid content
was increased significantly for the EtOH 60d group when compared with
the controls. The Et0H-60d + T^ group free fatty acid content was
lower than its paired Et0H-60d group without T^. Non-EtOH normal
animals given T^ had an increased free fatty acid content when
compared with the control group.
Chronic ethanol consumption (Et0H-30d) resulted in an increased
total liver triglyceride content compared to controls (Fig. 11). T 4
treatment of the Et0H-30d group resulted in a significant decrease in
the triglyceride content to below control levels. EtOH intake for
60d resulted in a significant increase in the triglyceride content of
the liver. However, T^ treatment of this group resulted in slightly
increased triglyceride content. T^ treatment alone resulted in a
dramatic increase in the liver total triglyceride content.
The hepatic phospholipid content was increased significantly
after EtOH intake for 30d but decreased after T^ treatment (Fig. 12).
The Et0H-60d group phospholipid content was not significantly altered
when compared with the controls. However, after T^ injection, the
phospholipid content of the Et0H-60d group decreased. In non-ACR
animals T^ alone had no effect on hepatic phospholipid content.
Figure 10. The effects of EtOH and on the liver total free
fatty acid content. The alcohol consuming rats (ACR)
were maintained on 10% ethanol in their drinking water
and were allowed free access to food. The ACR T -3d
4
injections were 4 mg, 4 mg and 6 mg/kg body weight for
day 28, 29 and 30 or day 58, 59 and 60, respectively.
The T^-3d injections alone were 4 mg, 4 mg and 6 mg/kg
body weight for day 1, 2 and 3 respectively. Values
are mean S.D,, * = p < 0.01 when compared with
controls; « = p < 0.01 when the EtOH/T group is com-
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Figure 11. The effects of EtOH and T on the liver total trigly-
4
ceride content. The alcohol consuming rats (ACR) were
maintained on 10% ethanol in their water and were allowed
free access to food. The ACR T^-3d injections were 4 mg,
4 mg and 6 mg/kg body weight for day 28, 29 and 30 or day
58, 59 and 60, respectively. The T -3d injections were
4
4 mg, 4 mg and 6 mg/kg body weight for day 1, 2 and 3,
respectively. Values and mean iS.D., * = p < 0.01,
** = p < 0.02 when compared with controls; • = p < 0.01
when the EtOH/T group is compared with the EtOH group
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Figure 12. The effects of EtOH and T on the liver total phospho-
4
lipid content. The alcohol consuming rats (ACR) were
maintained on 10% ethanol in their drinking water and
were allowed free access to food. The ACR injec¬
tions were 4 mg, 4 mg and 6 mg/kg body weight for day
28, 29 and 30 or day 58, 59 and 60, respectively. The
T -3d injections were 4 mg, 4 mg and 6 mg/kg body weight
4
for day 1, 2 and 3 respectively. Values are mean i
S.D., * = p < 0.01 when compared with controls; • = p
0.01 when the EtOH/T group is compared with the EtOH
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Rat Plasma Total Free Fatty Acid
and Triglyceride Content
EtOH intake for 30d resulted in a significant increase in the
plasma total free fatty acid content (Fig. 13). Similar results were
found for the Et0H-60d group. administration decreased the free
fatty acid content for the EtOH 30d while it caused a slight increase
for the EtOH 60d group. treatment to non-ACR animals resulted in
an increased plasma free fatty acid content.
The total plasma triglyceride content for the Et0H-30d group was
essentially the same as the control group (Fig. 14). T treatment
essentially did not change the triglyceride content for the Et0H-30d
group when compared with the controls. The Et0H-60d group trigly¬
ceride content was decreased when compared with the Et0H-30d group and
control. T treatment alone resulted in an increase in the trigly-
4
ceride content when compared with all groups.
Figure 13. The effects of EtOH and T on the plasma total free fatty
4
acid content. The alcohol consuming rats (ACR) were
maintained on 10% ethanol in their drinking water and were
allowed free access to food. The controls were maintained
on water. The ACR T -3d injections were 4 mg, 4 mg and
4
6 mg/kg body weight for day 28, 29 and 30 or day 58, 59
and 60, respectively. The T -3d injections were 4 mg,
4
4 mg and 6 mg/kg body weight for day 1, 2 and 3 respec¬
tively. Values are mean i S.D., * = p < 0.01, ** =
p < 0.01, *** = p < 0.05 when compared with controls;
• = p < 0.01 when the EtOH/T group is compared with4
the EtOH group alone. The controls were sham injected.
TREATMENT GROUP




















Figure 14. The effects of EtOH and T, on the plasma total trigly-4
ceride content. The alcohol consuming rats (ACR) were
maintained on 10% ethanol in their drinking water and
were allowed free access to food. The ACR T^-3d injec¬
tions were 4 mg, 4 mg and 6 mg/kg body weight for day
28, 29 and 30 or day 58, 59 and 60, respectively. The
T^-3d injections were 4 mg, 4 mg and 6 mg/kg body weight
for day 1, 2 and 3, respectively. Values are mean HK
S.D. ♦ = p < 0.01, ** = p < 0.02, *** = < 0.05 when
compared to controls; •= p < 0.01 when the EtOH/T
4
group is compared with the EtOH group alone. The controls
were sham injected.
TREATMENT GROUP



































Table 14. The activity of acetyl-S-CoA carboxylase in the presence of





Day 5 100% 135%









The reaction mixture consisted of acetyl-S-CoA 10“^ M + ^^HC03- 10 ^ M
+ ATP 10"2 M, MgCl 2 x lO’^ M, KCN 10“^ M + 2 mg Avidin and liver
10,000 rpm supernatant from normal (N), L-thyroxine (T^) treated, T, +
ethanol (EtOH) treated rats. The formation of CO2 was monitored.
CHAPTER V
DISCUSSION
In this study, the potential therapeutic use of thyroxine in the
abnormal liver metabolism associated with alcohol imbibition was
investigated. The effect of L-thyroxine (T^) treatment on the fatty
infiltration of the liver of rats maintained on both normal and
alcohol supplemented diets was, therefore, evaluated. Ethanol exerts
profound effects on the biochemical characteristics of several organs.
It interacts with cell membranes, diffuses across and interacts with
intracellular organelles (Sun and Sun, 1985). In the present study,
ethanol consumption caused a number of alterations in hepatic mito¬
chondrial respiration. With NAD'*’-linked substrates, there was no
major effect on mitochondrial state 4 respiration for the Et0H-30d
groups (Tables 4, 5), however, NADH supported respiration was greatly
decreased in liver mitochondria from the Et0H-60d group (Table 10).
With succinate, which is oxidized via the mitochondrial FAD'^-dependent
succinate dehydrogenase, state 4 respiration was depressed for both
the Et0H-30d (Table 5) and 60d group (Table 10). With the Et0H-30d
group (Tables 4, 5) there was no major change in mitochondrial state 4
respiration with L-alpha-glycerol phoshate as substrate, but increased
rates were observed for the Et0H-60d group (Table 10). Mitochondrial
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state 3 respiratory rates for the Et0H-30d group were lower than
controls with all substrates except L-alpha-glycerol phosphate (Table
5). With the NAD’^-linked substrate, state 3 rates were more depressed
than the state 4 rates. However, with succinate as substrate the
inhibition in state 3 was greater than state 4. This inhibition was
not, however, as great as that observed in NAD'^-linked respiration.
These data suggest that chronic ethanol consumption reduces the
ability of mitochondria to oxidize various substrates and decreases
oxidative phosphorylation. These reductions may be related to the
ethanol-induced change in mitochondrial structure. The changes which
could be associated with the depression of mitochondrial respiration
are swelling, disfiguration and disorientation of the cristae.
According to the studies of several investigators, (Tsou, 1952;
Palmier! and Klingenberg, 1967; Chance, 1972; Vanderkerdooi et
al., 1973; Nicholls, 1974) there is an orderly arrangement of the
cytochromes in the inner membrane of mitochondria, which facilitates
the sequential transfer of electrons. Two mobile carriers exist in
the membrane; Q which is extractable by organic solvents and cyto¬
chrome c which is easily removed by salt extraction. Disorganization
of the inner membrane could result in the loss of these two important
components and with it, a decrease in the efficiency of electron
transport. Why then is succinate (FADH2) affected more by the earlier
period of ethanol oxidation than NADH? As shown by Moore and Gamble
(1972), there are discrepancies in the inhibitory behavior of metra-
zole on mitochondrial function in that NAD'^'-linked respiration is more
adversely affected than succinate linked respiration. This observa-
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tion has been made by others under different experimental conditions
(Gammer and Moore, 1972; Moore and Gamble, 1972). In addition,
ethanol causes a decrease in the cytochrome content of mitochondria
which may partly account for the observed decreased respiration.
Coupled respiration (state 3) is most negatively affected by ethanol
when NAD'*^linked substrates are used. This is probably due to a
specific ethanol-induced damage to coupling site I along with the
induced respiratory chain defects, since this inhibition was not as
pronounced in state 4. The decrease in succinate supported state 3
respiratory rate was not as pronounced as with NAD'*‘-linked substrate.
In fact, the inhibition approximated the degree to which the succinate
supported state 4 rate was decreased. It is proposed therefore that
this decrease in succinate supported state 3 and state 4 respiration
is due to the ethanol-induced modification of the mitochondrial inner
membrane and not specifically to coupling site II or III.
In this study, we found that T^ administration for 3 days to the
Et0H-30d group did reverse the effects of ethanol on NADH supported
state 4 or 3 respiration (Tables 6, 8). However, T^ administration
to Et0H-60d animals normalized the state 4 rates with NAIT^-linked
substrates (Table 10). Whether this is a true reversal or a
generalized increase in membrane components is not known. On the
other hand, T^ administration to non-ethanol animals for 3 days
resulted in an increase (153%) in NAD"^-linked state 4 respiration
(Table 10). T^ admininstration for 3 days to the Et0H-30d group did
not change the already decreased state 4 respiratory rates with
succinate (Tables 7, 8), but caused an even greater decrease in the
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succinate supported state 3 rate (Table 8). In addition, adminis¬
tration to non-ethanol treated animals did not increase the state A
rates with succinate (Table 9). Thyroxine administration has been
shown to increase oxygen consumption in liver slices (Israel et al.,
1973) and increase the components of the respiratory chain (Booth and
Holloszy, 1975). Therefore, one could expect a reversal of the
ethanol-induced inhibition of mitochondrial respiratory rates after
thyroxine treatment if the biosynthetic timing were appropriate.
Strangely enough, our data does not show such an increase in
respiratory efficiency for the Et0H-30d group after T^ administration
with succinate as the substrate. The mechanism for this lack of
effect is still unclear, but it may be related to the concentration of
Paradoxically, it was observed that when T^ is given for 1 day as
compared to its administration for 3 days, there is an increase in the
state 4 rate with both NAD"^-linked substrates and succinate. There¬
fore, it seems plausible to suggest that prolonged administration of
T^ for 3 or more days could override the benefits seen for up to 3
days. The experimental data presented in Tables 8 and 9 clearly
indicate these differences. Control experiments using non-ethanol
treated animals given T^ for 1 day resulted in an increase in
respiratory efficiency with both substrate types. T^ administration
for 3 days to non-ethanol animals also caused an increase in states 4
and 3 respiration. Thus, there is a delicate cut off of stimulatory
effect of T^ on hepatic mitochondria function probably related to
structural modification.
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Among the known effects of thyroxine are mitochondrial swelling,
stimulation of novo formation of electron transport components
in the developing rat brain and liver (Holtzman and Moore, 1972). The
foremost, i.e., mitochondrial swelling is usually accompanied by a
decrease in both electron transport efficiency and coupled phospho¬
rylation. This could ultimately result in an uncoupled system as seen
in the isolated mitochondria in which the state 4 rate is excessively
fast. The in vivo situation as expressed or reflected in such
isolated mitochondrial function is complicated because of the pluri-
modal behavior of animals to T^. It can be said with certainty that
in the rat, T^ administered for 1 to 3 days to animals drinking 10%
EtOH for up to sixty days, results in a sparing of the mitochondria
from the toxic effect of ethanol.
Ethanol consumption for 30 and 60 days resulted in an increase in
the liver free fatty acid (Fig. 10), while the greatest increase was
observed with the Et0H-30d group. The free fatty acid level probably
increased because ethanol metabolism restricts beta-oxidation of fatty
acids at the level of the FAD''^linked acyl-CoA dehydrogenase. The
NAD'*’-linked beta-hydroxyacyl-CoA dehydrogenase is also decreased
because of the increasing ratio of NADH/NAD"^. This results from the
excess mitochondrial ethanol consumption. Thus, these restrictions
probably promoted the hepatic long-chain fatty acyl-CoA accumulation.
Secondly, this increase may be related to the rate of fatty acid syn¬
thesis since ethanol increases the synthesis of fatty acids because a
large fraction of the the carbons derived from ethanol oxidation are
incorporated into fatty acids. Fatty acid synthesis occurs in the
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cytosol from acetyl-CoA units which are formed from glucose and the
acetate derived from ethanol metabolism. One would, therefore, expect
an increase in fatty acid synthesis due to the increased availability
of acetyl units. We postulated that the amount of hepatic accumula¬
tion of fat is related to the ethanol-induced redox change, based upon
the quantitative difference between the experimental 30d and 60d
ethanol group (Fig, 10), It is suggested that the redox change is
less prominent after prolonged ethanol consumption. These changes are
reflected in the reduced accumulation of hepatic free fatty acids for
the Et0H-60d group (Fig. 10). The attenuation of the redox change
after chronic ethanol consumption has been demonstrated by Domschke et
al. (1974) and Salspuro et al. (1981). In addition, Lieber and
DeCarli (1970) demonstrated that there was a resultant alcoholic fatty
liver which developed in response to chronic ethanol consumption.
They also demonstrated that the increase in fat accumulation was not
of indefinite duration.
Data presented in Figure 11 are indicative of an increase in
hepatic triglycerides in both the 30d and 60d EtOH group. These
increases may have resulted from the altered redox state, i.e., the
elevated NADH/NAD"** ratio, observed in response to increased ethanol
metabolism. The decrease in the key glycolytic enzymes, the increase
in concentrations of I^alpha-glycerol phosphate, phosphatidate and the
enzyme activities involved in triglyceride synthesis are also very
important consequences of ethanol metabolism as suggested by the
increased hepatic triglyceride in Figure 11.
The data on chronic ethanol consumption on the hepatic phospho-
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lipid indicate that ethanol intake caused an increase in phospholipid
based on the change in the phospholipid level (Fig. 12), The increase
is supported by the increased synthesis of L-alpha-glycerol phosphate,
the increase in reduced state of pyridine nucleotides, increased syn¬
thesis of phosphatidate and increased activities of microsomal acyl-
transferases (Joly et al., 1973).
Since long chain fatty acids which enter the liver from the blood
undergo either oxidation or esterification, the effect of ethanol con¬
sumption on the fate of long chain fatty acids was evaluated. The
data indicate (Fig. 13) that ethanol consumption resulted in an
increased plasma free fatty acid level, which may represent the degree
of mobilization from fat stores. On the other hand, the plasma tri¬
glyceride levels were essentially unchanged after ethanol consumption
(Fig. 14). Conflicting data of an unchanged, increased or decreased
triglyceride levels after chronic ethanol consumption have been
reported. The data presented in Figure 14 indicate that triglyceride
release from the liver was decreased in response to ethanol consump¬
tion. These findings are in agreement with the earlier studies of
Isselbacher and Greenberger (1964) and Schapiro et al. (1964). It was
found that this decrease was due to injury to the liver.
Thyroxine which has been shown by Lee et al. (1959) to affect
positively the synthesis of mitochondrial L-alpha-glycerol phosphate
dehydrogenase and was investigated as to its affect on hepatic and
plasma lipid levels. Short term (3 days) thyroxine treatment resulted
in increased hepatic free fatty acid (Fig. 10), triglyceride (Fig. 11)
and phospholipid levels (Fig. 12). In addition, the plasma free fatty
79
acid level was increased (Fig, 13). The thyroxine-induced hepatic
lipid increase strongly suggest that short term treatment
stimulates lipogenesis by increasing the activity of acetyl-CoA
carboxylase, fatty acid synthetase, and the level of L-alpha-glycerol
phosphate and phosphatidate. The increased plasma free fatty acid
levels (Fig. 14) also suggest that T treatment increased the4
mobilization of fat. Acetyl-S-CoA carboxylase activity is 1.35 to
1,42 times the normal in the presence of and is 1.45-1.80 times in
the presence of T^-EtOH 30d. Avidin which binds biotin (cocarboxy¬
lase), inhibits the carboxylase reaction as shown in Table 14. Avidin
added iji vitro prevents the formation of malonyl-S-CoA which is
necessary for the increase in fatty acid synthesis (Table 14).
Although in the intact 30 day EtOH liver, there is a greater than
3-fold increase in fatty acid and a 1.8 fold increase in the T^-3d
liver. T^ and EtOH resulted in an overall 1.5 fold increase in
hepatic fatty acid. The formation of malonyl-S-CoA via the
carboxylation of acetyl-S-CoA is the control step in fatty acid
synthesis. Acetyl-S-CoA carboxylase is increased 1.40-fold with T^
and as much as 1.8-fold with T, and Et0H-30d. Avidin which binds
4
biotin, the cofactor for the carboxylation, causes inhibition of the
carboxylation reaction under all circumstances.
Other experimental circumstances can lead to modification of
lipid metabolism. For example, in isolated rat hepatocytes, 0.25 mM
glycerol caused a decreased oxidation of fatty acids and an increased
esterification. It was proposed that this is accomplished because of
conversion of glycerol to L-alpha-glycerol phosphate regardless of the
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thyroid state (Stakkestad and Lund, 1984). In reality however,
esterification capacity decreased in hyperthyroidism when L-alpha-
glycerol phosphate was being rapidly oxidized intramitochondrially.
Although this may seem contradictory, the biochemical events can be
explained according to the following diagram:
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In the normal state, glyceraldehyde 3-phosphate (GAP) and dihydroxy-
acetone phosphate are produced from fructose diphosphate (FDP), which
is derived from glucose. As GAP gets oxidized to 1,3 diphospho-
glyceraldehyde (1,3 DPG), NAD'*’is reduced to NADH + H'*’. The NADH is
reoxidized via the asparate-malate oxaloacetate shuttle, and to a much
lesser extent via the L-alpha-glycerol phosphate shuttle. In the
presence of T^, however, the L-alpha-glycerol phosphate shuttle
increases, but when this is compounded by ethanol oxidation to
acetaldehyde the NADH/NAD'*’ rises, and more dihydroxyacetone phosphate
is converted to L-alpha-glycerol phosphate. The L-alpha-glycerol
phosphate can be oxidized intramitochondrially, but could and
apparently, does work to trap fatty acyl-units by esterification.
This leads to increased triglyceride formation.
Alcohol imbibition results in an increase in thyroid hormone
release (Van Thiel et al., 1979) and could support the hypothesis that
T^ -T^ release is a natural mechanism to compensate for mild ethanol
imbibition, but apparently it works only partially in excessive
ethanol intake. In view of the contradictory findings by Chopra
et al. (1974), the effect of T^ was reinvestigated. Other data can be
shown that in chronic alcohol imbibition there is not an adequate com¬
pensator secretion of thyroid hormones (Teschke et al., 1983).
in larger amounts would be required to have any effect on abnormal
liver metabolism induced by excessive alcohol intake. This can be
reasoned from our data on mitochondria derived from T, treated rats.
The rates of succinate and malate oxidation are substantially
increased as in the FAD oxidation of L-alpha-glycerol phosphate. In
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thyrotoxicosis, (Schaffer et al., 1981) there is a substantial
increase in hepatic succinate and malate oxidation analogous to the
data presented here.
Why then is there some paradoxical data on and fatty acid
metabolism? In data presented here, thyroxine given for 3 to 10 days
caused a slight decrease in malonyl-GoA decarboxylase which can be
translated into a decrease in fatty acid synthesis. After 22 days
however, there was a 20% increase in malonyl-S-CoA decarboxylase. In
addition, Landriscina et al. (1976) have shown that after 22 days of
treatment, microsomal fatty acid chain elongation was increased by
60 to 80%. Therefore, conjointly the data indicate a biphasic
time-dependent effect on fatty acid synthesis and elongation.
Fatty acid oxidation is regulated by the activity of carnitine
palmitoyltransferase (EC 2.3.1.2.1) which is inhibited by malonyl-S-
CoA (Stakkestad and Bremer, 1982). Thus, as malonyl-S-CoA increases
the oxidation of fatty acids decreases. Glucagon caused an increased
oxidation and decreased esterification which according to Lund et al.
(1980) which is probably due to a lowering in the concentration of
L-alpha-glycerol phosphate and malonyl-CoA (Cook et al., 1977). It is
true, however, that glucagon stimulates the production of cAMP which
activates protein kinase in the hepatocyte. The covalent modification
of pyruvate kinase and pyruvate dehydrogenase by protein kinase
results in inactivation of these enzymes while gluconeogenesis is
stimulated. This stimulation leads to a decrease in dihydroxyacetone
phosphate via its utilization to form FDP. Since glucose is not being
oxidized and the level of Acetyl-S-CoA is decreased, (i.e., because of
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the drop in activity of pyruvate dehydrogenase) fatty acid oxidation
increases as fatty acid synthesis is inhibited because acetyl-S-CoA
carboxylase is also negatively modified by phosphorylation by protein
kinase. The malonyl-S-CoA concentration falls thereby allowing fatty
acid oxidation to occur uninhibited.
CHAPTER VI
SUMMARY AND CONCLUSION
In our laboratory, we investigated the effect of prolonged
alcohol imbibition on rat liver mitochondrial respiration and fatty
infiltration of the liver. Our findings indicate that alcohol
imbibition depresses mitochondrial respiration. Since ethanol has
been shown to disrupt mitochondrial membranes this depression of
respiration strongly suggest that ethanol or acetaldehyde metabolism
alters the mitochondrial structure and function. Such changes are
reflected in the decreased state 3 respiration and coupled phospho¬
rylation. In addition, since ethanol oxidation has been shown to
alter the redox state, i.e., increase the NADH/NAD'*' ratio, and since
mitochondria are impermeable to NADH, the depressed mitochondrial
respiratory rates may also be a direct or indirect function of the
altered redox state. We conclude from these mitochondrial studies
that ethanol consumption negatively affects mitochondrial function.
The increased NADH/NAD'*' ratio resulting from the ethanol
consumption also plays a major role in the deposition of fat in the
liver, according to Lieber (1984). Our hepatic lipid data indicate
that after ethanol consumption, one sees a significant increase in the
triglyceride and free fatty acid level. These findings suggest that
after chronic ethanol consumption a major structural precursor.
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L-alpha-glycerol phosphate for triglycerides may be increased. This
increase would result from the slowing of all oxidation-reduction
reactions in the cell, specifically in glycolysis whereby the concen¬
tration of glyceraldehyde 3-phosphate increases because most of the
required NADis tied up as NADH. Thus, the L-alpha-glycerol phos¬
phate concentration would rise along with its availability for
triglyceride and phospholipid synthesis. On the other hand, the
increased fatty acid level may have resulted from the increase in
acetate concentration. Acetate, the end product of ethanol metabo¬
lism, is normally converted to acetyl-CoA which is oxidized via the
citric acid cycle. But, this cycle activity is also depressed because
of the elevated NADH/NAD'*'ratio, thus the acetyl units are then used
for the synthesis of fatty acids. Another factor contributing to the
ethanol-induced increased fatty acid is the inhibition of fatty acid
oxidation by the altered redox state and by the increase in malonyl-
S-CoA concentration.
In addition to the mitochondrial and hepatic lipid studies
associated with chronic ethanol consumption, we investigated the
effects of thyroid hormone administration on the ethanol-induced
depression in mitochondrial function and increase in hepatic lipid
levels. T^ is known to increase the activity of the mitochondrial
alpha-glycerol phosphate dehydrogenase enzyme, a component of the
alpha-glycerol phosphate shuttle. In this case, we wanted to
determine the effects of increasing the reoxidation of NADH and
decreasing the L-alpha-glycerol phosphate and acetyl units on the
ethanol-induced increased hepatic lipid levels. Our data shows that
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both hepatic triglyceride and free fatty acid levels are decreased in
the livers of animals maintained on an alcoholic supplemented diet and
exposed to exogenous (T^). The exact mechanism by which ethanol
causes an increase in the hepatic lipids is still unclear, but
increased concentrations of glycerol and L-alpha-glycerol phosphate
have been reported along with an elevated NADH/NAD"*" ratio (Lieber,
1984). Therefore, one would expect a decrease in the above mentioned
if thyroxine administration increases the reoxidation of NADH. This
provides, therefore, the NAD"*" required by alpha-glycerol phosphate
dehydrogenase reaction and would allow an increase in glycolysis. The
resulting increased pyruvate would supply carbon units to the aerobic
arm of glucose catabolism and appear eventually as CO2 via the TCA
cycle. Under these circumstances one would also expect the rate of
fatty acid synthesis to decrease due to a decrease in available
acetyl-units. Thus, our data strongly suggest that thyroxine
administration to chronic ethanol consuming animals plays an important
role in reversing the ethanol-induced hepatic lipid increase if the
concentration and timing of thyroxine intervention is appropriate.
The NAD"^ thus formed would be used in the alpha-glycerol phosphate
dehydrogenase reaction. This would result in an increase in
glycolysis to pyruvate. Pyruvate thus formed could enter mitochondria
and be oxidized there to CO2 and H^O through the cooperation of
pyruvate dehydrogenase and the TCA cycle.
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